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PREFACE 


—>• eOO* CMNmon* * 7 itten ^ t*e avcragr assembly language 

. til t.Intro Ntteh *.: ’ ^ V >.t,vo0*\» in 

J ^ tf* <*af~ir»w f I ft# 680^ A- : a refill m^’ Kurk 
* * ;* ** *•» in particular. 

lift m » o w i ft 9 more and mom Mice r**r# at industry and 
tmmftDfp M B »II on tp eer# %cpAi«f u «t »4 muOtOfOCMi^i. Tandy ted 
^4, r-r »• :r. .‘jr rrnr ter e* • > 6(K^ t 

no ae r t flam Ch««n 4 wrejnatui'i to their KJcn.vfT*)n 

■ ae ?OCF *000 , a 400* card. The KiU% hat been mad* Avails l* for tbe 
aa»be> and Opplr t t a nw lm «'» runoufed to Ad working on a new 4KK0 
4 •■ — m ♦* f i§ tUrge gl pan « i hr*; t#*.ng tt* 

-- : j than ivt* m somattu . good el - I UndiW* 

jn^uc 4 ! 

Tte ddfly cAntei com the ftewnlary detail id# tht i#0* and lft 
oiamiy language. Late*' chapter? zJcail with nor a advanced topic* tudi 
a* IwmdUng and programming atyi*. C^e aeven i* mckjded 

to 4*00 prog* •'•rwr rating help in converting program* ?Q th# 6*0*. 
JOMugfi ttit subject ol iki* bock it tadkisd temi t/eyreo— t% potetto# 
« - - t r ik* OMMim * team common hardware uiwq the 4*0* t* 
g»e m cfdpttf digf t . 

! ham atterrpted to include in one boob is much h $o***tMa a# the 
dteaittw that 2 uta in my own a»ef>day programing of the iltt. TNd 
• *iffux 4 t !a*k i r lift u uulrr tu w«f tfe beck to a r*a*craO)c Jengt* 
njcfi o# the obvioua and exotic ha% tc be riciuded. thn rtabang m*» mg 
tom tot toatrating ro tow fcegmne^ ar- >pr'* Mtee Kv a—ectidw o# 
important items hai been guided by CttlUdPittm N dit w j-rcgramtier 
.wms to programmiAg another macMne would need to knew to racmgr.i%# 
•nat wan uncial doul the AdOt. 

tot *0 r r e?irrd utMg a conbi^f:^ rr* tnc -oi:3-.*; equiidtedk 
and toft ware! 

uw tecino MIBt IK tdi ttoaaap. a© tn 
imd ^ at» *y ru- «*r ?x*^Lr* 
vnyg 
hijnu 7TN1 f+Jli'-a 
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Vy ■KftywniOfl *ere Ile*l0n 4 ah MpMOMenH *sr ►hf’ .^gt- 
..tw *z cmtrcU devices, t 1 * ' 

r -*•* : i ;*' sequencer*. TN h^n 2 iy ctirWer* a? —*1 



• -c^e • «; - 1 1 mn* hr - * r * r.*r.< sn^iMCri Onto JQPOred toy 

Ah they dr«*elcped. the early macro* MO difficulty v» 
.namttl^l Af>d V> ►orrted to tot* o4d HUtUirOS of 
i^ dj wpi lf f nd r nnrt rrr*~ni r r i r rr d *' ^ * • ~+* 
iMMiftturff htotf u\troOuc#i a pmk>%«ct mac m od»«-cpd 
«c?rclogy would tStoMrv My Ut»-r feund it t<>p^oduc» 

f dovics* Th<« tor rain r tMi I .r if cutton»r% «-r r r 

tjrt to dunyi to a nt* devto*. Ttvo tto» tdf« #f co«Afd 


• ii introduced. 


togM a# mafariQ cmiletriy t»#^ Mm^facturc^s w&jM 

i m9P9*9 tio<wTintl CDtoiidoraolrI the»* aocroa by Mtdmf notr 

togutk CSd giitpiin could lUAkA uao of tttrtr *xt*'v%ton* m ed %*f»n 
00^ Mio THtt upward ar-»p«t>iiuty 4fipraa£tk mens tMt* 

mm *♦. peooitoSot it • tooftottUMi M«Mp Mil ' r IwM 
or gorteoto^g. A typicAl c/a^vslc c 4 protol#«t» i4 tho WWfwtly o# 
oro toy OTTO.. T># 6000 is to Otyol^pmo^t of tNt rory early 6C<is d#*icr 
. rty U^iu.« Tc Ivercj^ its *i <h * -tfu-Q LMroCcCCd 

rr cunt4 v; aII • t/C fC3^- > €>5i r* M ♦* - !ut 

;i go^tertolly aysidercd tc be .i ve*~> youy^ful micro. Bowt«yr ItooSSO* 
4t o^ioo LDTiuro r »1 to too tt4» best to o*d yoto» M ol^or :f tho 

see h#n too Mt«f ttoe eery tuesrosful 60fC it umld bo to ouO'i UKMr 

tz JSO ** ? “Xir^ pc MrOf»uI Cc..^c. 


2 BJ££ 

»uU Ci*f t rn Ifrixrt^ *u ••* *+*** ‘ II-** 1 

4 * r« . *i **%..' *V ; t *. oroia ’ r vzr*** ’ • « i tv . 4^ •. Tnj 

ttoo toBOOi o«MBi #9 Arot Mftot OM ponorftol thM *t». 
Met CDopetitor th# SOOO. tt htod ftwor roQistors ond ooo m od to lot 

• r- : t tooth ri ^ * ^1.. .- Cj*>tr.0L*^ ^ : ■ •• 

•§00 U pQuorful. tocto ont q* its smoli ourotoor fit registers Mid to 
Qg^llllr «*yj: MM JfcUt Arc Its lAStruCtiO^ wot irofloctod t ton 

• t'o *^ d- itfc ^ r C 3 *jtcctjf' uos though* Out* Oft*' 

OMOOTS for tho ASdC's pap^U^it* uorc tht mstr« - F too . r. ,o of 

. *• id • ft * ..iv. cn&utyot*.. _t ; - n- » » 1 

• anttotion* bath mtoUng • j'str- i %. ^lo. 

' •< l - • r ♦■tt c run- * of -.-iUV.- w i-.*rh tot f ' ‘ tt ron^r »r • M • 

Technology tout MotcroU * o«m {mprovomnts f ow to ir vod on too loci of 
•podtol pumsst versions af the MO then c« och* THUS eg tin 

••fleets UlO *ocd dosige of tho 4600 . It suit to* todn-ittcd. 

* w* . tr.' the 4^ XX 1.. '• ^ . .. . lr *• i V-.- th*. ' »: 

early tho 4502 dtoc* hos been c/ierf in o rsjntoor of porsontol 






















































c'Wufrt eg. PTT, VIC* AtVU SOPTRBCARC ATGM, etc. F:> amort 

uswd Tj rv * ' •» "c . - i - . ** * - -. r f . .ti i *. i • o* • .«* 

Of ease of use, a/>d tv maotnal vKmvf 6ft power i* ostamwd At a very 

high price. 


atagy 

Ever* th*9UQl» tv %**• well de^ig'wJ. i 'tee-afes2 icuit fecveloc; 
aoved oo And it became possible to produce more pe etrf u l processes. 
TV 6400 had 4 number o* »*U snown de si gn difficulties - only one nde* 
register. -o direct trobsler frto emsuoulators to index register, not 
enough addressing modes. no sixteen bit ihttaohl* iftoyrpi. t end 
mmpere coemaoes on tv *ndei » e»i t r etc.. etc* In answer to ennasmt. 
Motorola produced tV 680* On l«tO> 43 ut llfet reel «ltern*i».-e to !V 
4400** It was not upwerd compatible with tv 6800 in ttevwtl ***** - «*> 

« progtAT *U?tsn 01 W*r W»'* w U net r. *■ on 'h* - b-jt it z iltirl? 

* <• I»i - * .* 4/,d ar or • **r liar -:tr the *.6 • • ■ ?«ie U** . *' i 
cpairvf tr*r -*»« ~ I **enf A. f > 

4TiJ 5 Al , • *C I • 

pointer U. New instruct ter ve* added dei| with many new 

addressing ho«m. o* ttie 6800 instruction* are no ter*;- i ■ *?«le ! 
and ttie operation ood r i of if»%» tMi are. are different on we 4 00** | 

Ho^* .*•, because of the M tir.v errm-erti 4 tfv tf 1 * ar, s^X> | 

Dreg ram* can t># converted from sourer code ver* pooOy ( ooo chapter 

ptepnV 

TV MM i* • microprocessor odtOk both for Urge systems. data 
processing r jh le.r ing *_• -i w • * * ! - a*.- co*trc: 

application. TV reason Olbty to ccoe with bain types of 

prGfcltm it the unique mature of sophisticated features* such at the 
second stack rointae and the ability ?c p^hor pell register sets onto the 
stack* and tv attention to basic design feature*, tuck aO tv prevision of 
a fas^ Mmpt Un# end the direct page register. It ts pwbly true to 
way Hut HU ooOTPO of tv 480® processor is due to it being el 
sophisticated device tnat hasn't forgotten some suvple microprocessor 
necessities. 


TltEMOOO 

The ■m.rrononT of Motorola's plans for the UXO nuoroprooi* lor 
Has tended to overshadow the 480*. 8e mch Vs been written about the 
HOOP m the popular computer press concerning how powerful it is and 
whether or not it is wtthir the limits of tv aertnt terhncUagy. ttut fhe 
(HI ?mt tv 480* is m use in all sorts of systems hB t 
rv .fc, ftr will ce, a very powerful nuc*o. In fact it promises tp be . 

d o ur te e mm ot a small mae^rame o^ocessrrr. With tv promise of tv 
first of tv true sixteen t)t processors on tv vrinm »t mght be 
fitaadt to see wture the 480* fits into tv future. N:U tv changeover 
to the 480* be shart-ltved. followed by a changaovar to tv 4 4400* for 
•eme use's this ul m cesr. but V tv majority tV 48000 mi) 

prubabW v tv power Ful ard too expensive for standerd applications, 
Afta* all !hr V‘ •' l wi»r 
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I? ^ »e» 8 ffutt to say iNNa iHHfM 1 4 UftttdpeBOMMf »• Jr 
re-Ci *w. Jr <vl^4tinr *-g v* ** 3^1 pr<xccscf w tots 
* t :< 3>~PJriro tc use * r ^ ^ar)*. A 

beeves as a problem or a prolan. *vt can be rvr on a rang# of 
■PP dan * *Vtr performarot can be *eattend. TV thsngs that 

^ c* • **w <-. 1 / the bmh'T.a-ks • ar, ^p vans*.* 1 t tr<j .rr ho*- 

V* it nMt bow snort IV vaulting co*» is* Vw ttmple tV code is etc. 
Be vak wits bmcfwuf^ Huy car be very misleading. 

•«*r • . 4^ -.TC '►er look ;col. it U 4lw«x% fujss Me t: 

Ve s pr o bl e m tvt it solves faster, o* m « smaller space tvr» v>y otVr * 
BV onif uf i pmd egatnat tvs sort of bias is to averse* *V results of 
e met rargt of cenermarks. Of course this doesn't Imply tvt tv 

- - ... 'ar*;c tz K'k dd# tu ;•* < <~jt 

rmr particular very specalised application ' With tvsa oommnts |p mind, 
«mA» oee fives stive speeds for some popular processors for a 

*rpi of benchmarks, tt ts also anfMartant to compare tv epoodt with 
i xn* rs eteo4e tNr.r Moh-jt/cl Languages. Tab'^ two 01 ^** 
•mrgi of a standard benchmark cn a ra^ge of processors including some 


Table 

One 

apvs 

t«X 

m 


ist: 


MM 

'Jr. 

ftfl 

m 


* eatf) percentage r#Vi to tv 4.e*agc amount of tv btrctvrerka 
•acr procesao* completes (with tv 680* as I COM. 


Table Two 


hsye aid tVenrvwr 

•Tim 

:#vel H r 4m 5f 

ft 2ln IX 

rH rnwllr 

rx 34 

MM ru Usu 

*) iTh til 

MT? IdUil ?#vr#) 

3, Un X 

MM mwf.r sei.:rom 

6 5h 

MM masir-aret 

fn ih 

3* MM Jtvmt* 

94a 

j ?w»l 

* 3* 


^•* fab If f< r *t appeared m 48 Nicto Journal Vot 3 no 4i 
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7 tw«* C I • h *5 *c it. <r* r^^.vt nr % r VICiT^d tc 7 * wjJ 

I- tfir U Ctiiitc - th ^' r - ' t f >r on. A 9 *tl 

tecoae ear l • tra dat*qr o^* « “c 4#0t wa* mfkjmrc^d by the r 
p^o^f^rvf^f z fj?ne* th«T wH 4< *«* •A4y to r Ab^|Ctt^ " * §j$ '-yW utU|i * Tzf 

% p*wjtArttnei. csfflputer *njt*trM .** i* «oojt *hat ne^ytr** 41 J 

rpr^ii ■ •* - - •»:* . ; ■ • ...,t. Trsr.^fl' 

tvpa* :- 

jCr l(tr| 4 r‘.'i Ou* atA i ; .t - 4 * *f.thuT<tlC. 

* I' I *■ * 

pcnnttn - for pCinry>o to a^ea* 1 f * * - • and r*ampi-4att*| 
aidrc-:-.*-: 

*«* . , «.'.►*.• - 1 • • • **t/future ccndit tf ' * 

mac hr ^ 

. .. . • .-vet c: iii - •• 1 «t. f.Uci '2 t* Vt - - iv^ufi toe: rt 

; - i- - ---Uto' thar iff adciflia^ 

pointer 


a rao •;** .. mmiKw- Kiilill 

tr r, ► r H *.^t -Of iC* o* ■*-■•- - v d*e fjve fctt 

fwjitCars arvd #ou' <nph» bit '*$'.wtcrfc, t w3 Of CAT b« >-Cc<J a* 

Jdri.t ' M :. ♦' . *-r-- * <•: 



W€ 

nKtiw 

dnr 

1 

M 

u 

1 

Mm 

u 

u 

^rr y\*~' TtvUr 

u 

t 

*./tt» 

n 

H 

tr»T^ »/ # n 

u 

b 

0 - 1^*- ' 

u 

A 

A l^r 

8 

t 

0 jrein.ilj U • 

8 

or 

U*act *tw*r 

• 

oc 

-rdi lur ^*au1a» 

9 



JLTQB4,BiD 

H "Vfidtar* *»|M btt pe^raJ aicurojUtors capable 

- 4 •--•?*;: ano :i>pic calculation-; usual form or ap^-ation 
• :can^* a. c ,r ' • • '«• • i»ri jf tbe accumulator with 
. » ♦ - f , . -t »- aviilabic ire' 

• • - ’ trr ? i; O^nrral mr-rr vU - - tf'+X 

t * - r -»t burro* i bu **y n^ji'vin : ^ 

rqm 2 addvnon vta a dao **2 joh: AMO; OH: NOT; 

>c ard toyc i l a^ift v. Ttd rrr^t rptiarkaiia aoumnUtor <x*aranon 
... . . 1( --. . star p- >«- nat/urt.^i ntultipiu 8 - 

tar% t o ge t her arc p!a^ t"e ap^ ^r m vt^a c «#Qi&te/ (im 

4 - *r fc * A B fCCi^tC^fc A'C Idenncal *. •: hr f--' 

:.. Tv. -S * 1 : tr.w • !. ri?A -* A 

aed A8X (ado the D rtj 1 v I HHi 1 Ml trr f 

the oo#Qf 2-F the co'itiCC' -1 l f 1* »hr ability 

-•;-'. -• - • 1 r ’ *rcum^l»rcr Uf EQtTm 

:^r-rr- *1- Y , ir*s n ‘crr^M «.! tlr»# ^ 

. i.«%lucar.it C • te. 1 >c ra-^e R# *ntnr.rtif an# rOjiraJ 

.* Ur ttia 0 •oQiittr jndudo<: &ii> art fcviary -- 

• ^ * • • 4 . * • • .y • * x- ~ tt* '-pi r: \ ir a 

* ‘ i N 1 :« 1 • . Mn tjgicaJ opc - 1 * - - t .'lf'. 

•** D regt^trr. 


^^EL^TSR-PPt 


. . •• t+ u+Uit I % 4 til ;U e.uvt tl! t-t- w ?" |i c:Sd to 
ft- i t ‘ Trr addrcci*.>3 

- * : '-j■•t--’ • n • 4’iwar^ reset, ^r;, fat 

t p the d r ct p.! .? rafKtvr*- FWFVLihi ITT 
- t of arati - t- p< U ctl ^d^njate f ' *. - t» wNi ti th»» 

»9*.i!tr i% 


« l rrjtliM 



^>ilhLL:ISI£ig Ail 


nr^i%?er% X T 4f»* v.i%^d ^ tv iff.ir*r*! vridc ^ addres^vg to 
ur«^ bit Jdidr'et^es an a *jde vanoty *ayv or.ly tf# X 

m . • • 4..^ pa«n ancliMded tr * ^ i. Ojtt tu - ^ * J 

» • %• . ^ l»i i; tic. ^ T - m- n that * C rg 

Tift r^stter, un 4 # irto tw •-•>* ’ji** " TT*!! pK '’l ^ - r * •*-"••••* *» » w ^w >• tMt Mn -.».# ttm ,xtr* 

r*0l»‘»^ X. Y. »«nd S «I4 tr» MCUfft^tors 4. t ftnCI 0-T>» ^roirarn ^/WmtnjCtMrv* .t«ji miftt Wftm.f>cre j»M at itack pc.it*... 

- r r : - ;i;r , ci-T ft-ft- i)« - t pc • rated •>-;* * ••*;• 1 ^ 

poster T0Qi*»t®ra can be t'^thar uAdiv'tcrc i-t i »i«n 'ajiitrs X, Y and atao „ % . m r- wi*? > r t nr tHr irper nocKtcvrc i% 

fe'. L\ S. Vc wtii :'f ^. v. * i *pc ir t- r. fc- :^mp*red with the aociin»jU^a r s f but is adequate to tr»lr ^utpciW, 

V n i ca* t< .3*^. and itc^ai, aachenped and 
^ * . . -: -. - 1! Ofl expected* Ir add.t.^* tfw ► •»» . m . t jrrptv tant 
•’ ir% t*at 4'* ftor^i %mywi* o>n-^nf. Hrit. the 6>90? Mt a true 
- m* ^rrci-r . rt • t;*T-» which rar be ^ ved to *roj.t nc: fer ^ 
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bot also for greater t*m IM lfM tHm relationship* . SfCWH, the Ml d 
load IOhIiw Address instruction. LEA. Tmt OlQlUttl tM 
vcrviM'V *, *• *-v; ^SC'etSir.. -*tw» 'n*— '!’*.%• 7hrC«»*Jr<3 LOALr> if irfr 

the iA0rx rtgisffff Thli Alton my of IM meat r9$\*Kt+% tc M 

ten Ufn* •.» * -i. **.• ‘ '»'•'•■ *;ir ar owning rf, -* v 

unplf mithnwttf md logical GUC<*tuT>%. Tor wsunpto - L£AT 4.Y ~+*nn 4dd 
four to toe content* o* Wot Y register md store the result m Y . Idi inzreMfttt 
It* Y register by four* The LEA instruction It vary powerful and ftWOM 
dryfyl study. Tito final instruction is AM. odd mo 8 register to im It 
ter md plow in* result ir the X remitter. As the'# it no oquaraient 
»<%tna;tior A0T> for tte» Y register* thu is the only instruction n total 
're.*.?*'* ri ♦•»•'•* i, f»„.. , j" > 4" c-thh*. ?h s, *M!\ Vt,. am 
CfClTMc^. • • i '. i '1 * - • "'* * ' “ . - r U * - 2'»r . 


">* rs yei counter is used by the SAD? to powt to the neat instruction to 
be oMUMi The PC it mora often referred to inpljatfy by being leedet during 

. m If -.Mr-*-**' • ~.r rr * ^ • . *t i.r •* • IT • C*« * - ft v"U#uvd 

• • • ms*tr* offset rtoesed addressing <%e# rfwpter three*. so it 

* '- ~ :• **c properties o* ^ germa! iron registers. 


IB . -CmaLMPE BulSTEfi 


n;nte< i? j -r vpeciii rig*** bit regis-te* to 
IfWt ortm information about the state of the p facet so- and resu. 

SyUUOLODOBULs • eng« Each & it Mi a tpr mi mg which *• mi II describe m 


The M* - po*^trf% art both sure*** bit regi***»s can fc< used at 

u i ^ -,i . f : : n. f t*r> '•<.** r. - -' • j ♦? ' • : * H f -.H: TVL 

i r i , i • * .; vrsod irrpUc f . - « nerhbat o4 Other '•• . :• A • 

point- • «ji%ter that is used to hold the add> mi of ttm top of en area am 
MiOry that cm be weed for temporary storage. l>e area of eenery is letaUm 
tad k. Any register lor set of registers! can be stc c * *• 1 

** of a ?SH instruction. This first decreteait% the staOi pointer md thefl 
si f*« . * the locittT thtt the stetw pointer adOreseeel 

and sa mr i I ’ . 1 * . ^ci star* - : - *■•• • to iiadad 

. - t> . I ,r^‘ - the ■ .^--<3 

tUm •• *mJ the* . “ c^rr ^ *«* •- * 

pointer* md so er» unta all of the 'o^i - trfi specified haae been loaded. M 
eianclc* riH V A frems decreeent the 0 register and stem th# A feQ.st«f ac 
tha U ^tioh uhose address is Store* r in the U register. FUL U ft mean* toatf 
a . ■ . «r ‘ ^ . phent V. A set 

i » . ’ ■ inst^^ctim artf thp> are 

dealt u;th. i^erhe<i or 'T** M bed Is a wpeofved order tsee chapter three!, 

7M two stack pqm t e r s ere HOT identical. The t? scao pointer is Available 
(or use bv the p^ogramt mm only. The ^ stack poirter is u»ed by the *80* M 
ooeraticns o*f>er thm eipUat PSH and PUXa. the stores the contents ofl 
tre PC register on the 9 stack uhen a uUbnounr* jum p is executed md leads 
tfw PC from the 5 stack w he n « return from subroutine is eiecx/ted. The S stactf 
is also used during hardware md software interrupts to store the mitre era 
M • ■ - ** * - •" c ' 
additional trees the S stack po in ter is mown as the SYSTEM stock potato* djj 

,*•- « * •.,' I ; . • * * « ff*: • • - • % * 

^eg!4*r* 4 ,-tf i it S3 w it* i* f trsnt slacv. 

The presence ty* two stack pomtms |0 ^e AS0^» on# for the lyitm and eo 
for ttc user, nakes the UhOta>nentetson of high-level languages very efficient 
for a wacane this sire. 


tae teo* The Carry flag, Cl* is usad to store the Qp) from iddlteeis. It is 
abas used ta store the borrow ft cm subtract-Uhr six v q CMP* 

It . « •• -n’t n strii * ^tat» cparaticns. 

tae tec The Over fl ow nag <W» is set to a one by an operation west* c*us»% « 
. *-c s conglanwrvt af.^rm t. _ . v* 

• lere flaij , Mo erw if the result o* the previous «pefAtl«Ti 
•r rero. 

3- ‘v.v * • %. - •. n.4 k .. ' . . t . - ^ ct ty 

■liif od the previous operation. Thus a negative two's cphpieoent reoid i o® 
hex S set te one. 

' - . • *► t . i f I - •- * - . - tV s r ^“T-r-rTrr 

i • •• ■ ■ -r 1 * • ' * • ; r MVJf nil! n D f i p >g 

etehati on the IRO bno il it Ml# rrwo, IRQ , itE^ri 

and Tin all sot X to one (after stacking the CC register! so as to disable IRQ 
• ». Rota that I is se^ after the CC register is stacked. 9H1? and 
ten ae not affect 1. 

ta* i - &:* . i ■ « b • ' - esulf of ar 

ej- 4 * # taf •* T f >. I*. .. . - " rn rr A m%f» . * r to 

# a»dor w SCO additim* The state of this flag is undefined feUowing ail 
euttr jct-luka operations. 

ta* . t + TV IV I . - t»■•• , • ! - ' • • -i - ih ,e r 

- ••' Fib • ,p # .-»e. *« f iK l* te^uc t lire w i:pg]y a fi.t 

- ♦ •* St i! .*. i * s s Mr# T^:Mr< ita*c ; -m 
Set Of registers. See ctwpter five on «ntarrupts*> The processor ofH r o! 
mjynw HIO interrupts if the TIRO mass bit if set *r nr^. KM1. flPO. SKI 


me RTSFT •:} • ' ■ • r. , "' 1 '.•»>- *'i ‘ M. ^ rrt ***ert I Nc*r 

• . . . ... *«??* *-c . -cc.^t€* stachcu*. 


: • . . TO r»»»f* r.« El. if %rn I v» tr'M • '.4* ».-u »f*. ol 













register* M O^OOIfd to « wMit IK * - C 7 , t bit is b| 

tf»- RT1 iretjrit from tft?rrut* : r-fnrh *□ • • tfK extent o* tf< 

_r. rv . f , * |fl «fv Trw 'Ofnrc the ,*».-* v * „ **t. the previous 

i'aTc □# r>c T* ‘f* - , )fnt* •• .♦ • - E -.t ;* set t fit T hi. t*» CC 'fwustr 
J-r/o ar lr^rac? 'w H*ptfr ?!•’• 




*d 


For ffx«rpk -t : -2 and lilt .' it to. t>* ai$v* ui t>so % 

iinua i iiiinit mum 

*1 • *1 *12? 


T*. -*tpr r*. ■ • - - ■■ -i -d jr transferred to any v eight 

bit registers, Also feu* special instructions are provided to allow tbi 
r*r *,* i** r 1.4*- . tc L*e it A : 1j* 1 separately. ANECC - d 3RCC i r f rr:tr.:*rt 
; c: j! x-f’V.r* - AKD f CF ►v - .r i data by:i 

* ,1. t . U t'* I t ct*. •* > W’A! ANT unfl.t.DO rode rcC15V -it M 

- r *- % w* trembly *.** r 4 r U - - ian fC<L t in t:^e *av -. 

**«•-» semiring ir •*iuv'* TU * * MV rtirr f:» - • AMDs tta CC nrgmtt 
. L tr thf :t j ir •- ' . I - ? tr* . -V □ then • t * k- t hw * U.rft »T-adr_ » 

ut<fc And waits far an ijnt**r*4it. M^n a *ncr*- MOlMl internal tl 

farther jeaefunt states tirvl ♦ 4 u% reducing tha tune between the receftiar 

Of v rr te. r . 1 * . . v r . . . 

r % . the aKDv .[ d 1 •• it -I* ft • • * +iv bit nr nurhe* of t*U tt? *N 
CC f wi be sat or reset. Seme ametdbler* include extra iretrurhom 

uk? L <ciear ca r r r 1 tfl w~aCI© ihe prograi**^ r v **t and reset bsti 
: jt+ne da*« £*t» * te ANCecf or ttRcd wi* thefX. 


* -^ • * *rr, ,♦ »- ►h^r * • ^ i * m» 

* • - - • - • t * • v • 1 - • :j u :' _)• i. 

• - r' . • V ^.4C is jser r? dr* t fr.it •-. - hr rrtlsw Uf- 

s—•- m: • • •# .. ^ - . m -ri ' * »t < ■ *• t 1 - ■ r* 

- . - . ' ’ . . - r > ' • -* ■ r fFiyri Ipr t” U ' *w 

• * •’ ■ • . £ut < u T * Mere 3]i'<; -r;tf . ‘.t • 

r " * r - sior a* r ► r ~ ■ . •. . ■ * 

nMapt we HUD to carry suv imaane to one aatraptata 4 Tfw% for 

A * * ■ • *4 *. :c<K • tl • • 4 i • ► ♦ T K *t 

* - • 4 •* , . * • U. *- H ^r;tfr. loft 

• ' - e :cr‘ it t-c u *•_. fifing by too bo ^ irt^ba 

zr! *j: ^ -i: - 1 i_ c.-aS V • »r ■ i; *■ »•.- 

■ leap «' I -1-. Dy Two m . ^ 1 f]aQ 1 

-'•••**-- -» I f • * .' • • ;^o 4 tccf r r " L . “. ■ ; • _ «■ . 18 f , 


TV "Uu ^ - . .f tail? jf tfia cerda^on oT>ot 

and how ;► ilarodti olll cK* €90* fea^PM* T*w m*vtca 

pr ^Qf 4 /TiThO* i; ’ 4 t *'•- ^ skcti • M a ,v ’ •“♦'iMji 

..--r.f i tr • -t • iwf-u.1. 


ap;:hmiti an; nil ?12ILiS^rs 

Tho 690°'% Ci ogf to tor ndidti a Utqo nmda of fl-w;* «r» ^?nad wit 
i, *» „ ? . itate * t tb~r** vt i *•* - C* I* N A”>d M • ttf t *-v 

I!j 4 * -t * . lu J'.fa/Talii 1 ; - •. r ir^rnwi *•- ’ '* bS r *>f6&\f-'* »€rr eT<»rnp • 

fr *.»• rtfii, *v ii H ^ r 1 •. * v*r . r>js tre V ^lac * 

~ tiOJla kt-'Cjv ‘ ' i . ^5 t*; iij»t crrgr - —» , r^. A ■ .let till 

•• T ; k I f tra Morlanyt of the arithmetic flaps w**t in erdr. 


-Pemrr^ri^QMCQDt AIOISTny aNDJUMCM IltttMCtlQatS 

- . , ,r- - “]> U rf, d tv tfe b - rh -i. f . . 1 i.« .*ior % tv 

oec?t w^ a red *■. nkiM or ^no.*id not at tabu .. a brash jr^trmtion evich 

. - • ^ ^ . .-•* -r ^ -u ‘ * ' - ; k * 4 t *' * - 

- • • *4 fctfi 1 1 • 7 »:% • rtf . -• * v ru Oa - «.**. 

- r ' * m Ab*clv*te <i*e. arc pjftin.4 ar U* i » splament 

tar* are oositive or rsoQativo) and la althe' < ait Hie rff ilt n* the rc^pare 

se roaresar.ted by the prodaion bvaUMI I th| rfi dt tiWlOl b 
• • - • - V A 'S» ,r *' * * r . i *f' K ve xh T • C • ;* Mtf .4“ 

2 - -*.ow it •m.r-red dur^^ji the * \i-i Jtrd :• 4< 11»» 

. - • .*;i: r r: ]r - gr we I* - r-c *■*- .* f. ■ 4* i r * *; 4. * V * ♦r 

• if the reiolt HOCLO •*** >• * ve o r negtriTe r*J *t»r. 

. - * •. • *. j* u i» •*. 


Ail 4nthiw«tit cpmat ior>s art CSTvaP -rut to a hrtal^d preauen. Kcr fh :* tO^ braxten warn with untuyiad Otnary mr-Avr* andheeoew 

A t rt'Tfic - anwratiiont Mi» oely eifl*t cr *>.****o tutw. I f . - *. ,t»v ffcm * ocm&ato. aa * v -w ^tt ^ ,r ^r 

til ntre^ ^ ** ifi'.vcnncn tha* ant Mr** .... .... j A j. r r u + 9t0 ^ V flarj t.*> *~c mrre*^ letter 

easv. 7tn» **■%- *i ..'*>, A d the one used by the ^ bQi t la TWO^S COtlFLWIi*^ i# lroco^ar* t^at a lib 9 prvapr^epner \% aware of the 

FCRH. A nuobot m two’s oonpiemoit farm ca^t eithf^ be positive n# CAtivi I act ttiat ilrr a<ith-enc adoration i one toeaares the result hly t«» 

. -*ich. -r *7* - ^ m *r wun^icart b ” ♦ • ,r ' tren th jf 4 i,gr,®d branch uv^ rat icm will % ill* riw rr^ct,., 

JT - -r ’• %iti«». if ifs [K>e then the Mi ? • 4*. to t*c nep-mve. If th 

i! pentnv* t»w •- *^«uia bite <e|>nncr»t it- ra^natuCi* For eiarnc*. 
t'. r If «*k i v negative tf** i the remainirvp b ** rwf jt th z. , - KKETiC A5CD THE HALF TARHT FLA3 

TwigMstv itc bi ■ tha la;*LAi 09 *?temmt #: ttw -^riXudc .rss n-->e. F r -tvtv 

l!l! is -I net r * * • *t fci. lMCArt tott n ^ - barber Is rc;iti*c v. . - •••%-*-» * ♦ mnrr^ e^^acrit to u^c romcJctnrrt b. * . 

rf *rwfara t*>c -.jgp:t..-if i« l-i • -v .mj tv j aQir %: ^ . »-jr an^Mmett: it is * [Tfnetimes nc* v^orth «or #ertV%3 itcv i 

which is OOO. and eddtny on* to fWe OOl. The larcect pr^iit.vy r^K?er tt±t c*. . n ^ a vnv to binar r if a small ^xwrutn* uf arithmeltc i% to vc 

be reeresenteo by 9 bits is MliilU or *U7 ** trw largest ^Mbrnai out. The answer la to wee aCD (Unary Codas) Doornail arithmetic. A 
negative t> ber jw c . Th#* ri^^rn Fwr oc co^ms . ^ %i/% iy t»w irrirv rep T ^^*ntj* on c r a decimal d’-git • -9. Fe 

hCQA^..c - rnhfM f-. U miVw t?* o»5cf -rUticrf Mip* f ~~twfcv*n roqatl^c Mj-nbcr 










I 


m—i* •• . - : : - d, m - a-, ori r mu t^dBCX 

. , » t»t in ana byt# ard hence in on* accum/Jetor. An Inatfuttio* 

• B * * MB Other II JtU *Wld t>* * -«rfV<*nt40*, TV’ 

hC - ■ •. • *■ ' * l * * V- - * *v ' ■« ktl'--*'' I« Uo »!•* n‘ 

-i .4 BCDdigit* sc added tgutter uui^ the hWy instruction tr< r cso]‘ 
in not n*:#%%4nlr 4 *,r of . u • r< ' )itii I rue ’ ~ * 1 i . BC Z 

a.tB together car give An answer tJOfl** thsr» ^ fhi 5 B 9 HI *aXid BCD digitf 

r*. ::»* *. • r*.w e-un c~ tr« am? . *i«the .ub 

1» • ♦»«• ; 1 f m , 4*Zfr*i * ’•* f»%ult ?Q Ml BCD <t I q ; t ^ * 


*zzrir-*tv 


Wrnm 9 *Hnmt and 9m t» * t.cmz’jter is de t oe ww »o d by t#» 
. ^ * _- ~* *• -j-ygp m%in.;««Qii SCt ird • v? **yh ir 

x . x ,- ^ * _«r tc : :♦ - ■ «• . *• * ^ *r ir ♦* rr cr T“V 

*‘i i . cl z ?cr.‘ ;e* «• % referred *o 

*. •-„ IVG Ml ‘IS ^4 nartur#, £r t>e M> * • |»J 


q* Ur* a all it * - ' _ c c u. d he* “»-• ^' 4 

m snorter, taller m$ mam fMmmmitti* 


. . - t rit wojtw c*tic«cr<m'* a# *ddr**s*sg. 


fttPTHCB BE APIS'! In the fir^i sections o* th<% **■**•*' I here tried ta 
outline sorre *f the i/rpsrtet concepts c* ouwy fat the SOOf 

M&<)r*r» .r, . * * * i- - r - -♦ ’• **'r? t ns topic 19 

Ad^t«ed to took tlwi^rerf, a u%#twl introduction is contained in 'Aeft'ifira 

OwwJe to H»rroofo(i.«.fcaf« *fO Coflputtos* by E. r. Scott (BaO«U. 1^4«t -- - 

1 E • ... 9oaaBIBflLJHaMiMtuHltt4LL 

4* by F. A. Hllvy> f»*0«ni. »°®0I. th-ri* •- * - -!• CMS '-• » (MSB 

r «.- ; l.VTE ^ d «A5i J«L4TlVt. 


. *• - • ' ] - c-it 1 vi^j af v**a«yuvg «*>•»■• an 

_. . - . carries? o r ♦ • r.*«cave« vtatk>j the crrfi>t* 

# -LDA • r-inng lead tne A register ^wi Ml 

.* 0 . - mi r if::, is an r - of nfc. - m-c 

ob »e 1CA TTKP" io*^f* THM? W defined '•^vw’whr^ <rlv»fi iri the 
~ • m ^ r*-‘ a . ’ u Mi gle| IBS -* •'•-* f ^ 

-•* *. : * rr- - • than necc-asavv to %tjr* the 

pluf it can mo%# the o>^e»sir»g of %# 9 |uont»kl dwnory locution*! 

. . ► - 4 >-•- \l* wl at.:»- c* or ;* ** * MB -^ 0 ^ : CAitiCBI 

. , . ^ -■.' .-• tro^h it hac these praOiprr% i» 1 % stUI 

.. d method * -‘rln-*^ 5 . 


^*i#o oiddressm; involves the use c* e register♦ cr*r\ as the 

.. / r; -‘-t. ‘ - - 4 4 ; 4i: tl, the fr*-^4iWr^% -Jid A 

t- t‘ 4 ; offset, utrh 1 % ^rAcr c-< .3«1cn^ 

that v* ooerand iocetton 1 % to ho fthnd. 

dheolule arid base frilM addre^si^u OfBor wmtj *irtiMiOp 011 1 
im ^ u 14 often di^uutt to deoBo wthcdi eietnoa is hew* usee by 
mo da. Base relative hae however one wnpertirt 
4 - . * -■- ■• r ■» Hi LA TI ’i t" *' ' ' % vV base 

»- p .' ■ f *r +* * # e bktrfi eeu^rr ’ *. •% rvery 

f fttl|¥» I. iooafiied 49 the rnioOef of locatiOT* BhMBM 
I «v OLrrerit locitKm that t>« operand Ib* K relative ic often 

nfQiiC to empty as rolative eddceheoig and its importance BB -t 
.•*- r;.* •’ 1 tee brio^ petition mdopendeften 

TV Hf^eJ concept regjjred for an under standi of atfd —* >, ro?« 

* iO flt f g f K. Allow ir, MUnVBriBI BBil t APOO ^I nu * ?f * 

•■• * 1 •>! b.L* *dr|'»Mb • 4 ■ •»: » In ration '',4* 

* -*• f tfa mcmof> * r-^uafe^ thtr -t hi.e 

*idre*ur.«. Altheu|ll it siJund* amplK 4***1 iml.r»L\ 
^ : -- 3 * - i_*f .* a.;*it#i •'nit- ** fftllOvs its LOQiC *?rp t>>* J 


L 


- 10 - 


-U- 










*' * * '• ».<* the d£r the mstfu^iar ir 

u%*4l *4‘, 

- 1 uv the stents : t iacAtiO ...< >^1 .' • v,# 

*- t‘c .: :*i . - ..- tr * . , *• , • • . * • ^ irr tri^icr 9 c • er : t^, 

IlCMI JOdUtCtlce car OP ipp.iCC »:c *n. AiOfttOidf moo* It can «vri 

Co appi -^C t: Jire.t *ddr**% . jf ., .«■-.«, - . : t of :- t * 

It t *f «u» , k * Mh* rr th* final addrc: . . frc 

KM« * rerea J ttMC AS fKjuii»d «nyj 

- - * *- 1 K- . T- p' . • - f. -r, ■!•- * ' f * rpjy 

^r- -o'e *%an orce ard . %t .- v t-r« «tll - -t ij.- - t 

more tr- i f 4 * - tic? alio* AXY t/ :i .ct.^, :• 

, a* h- y a *, t ■ - *"c^ :- -i'3rricr» .» uf.: i i* • • 

p&vrful ptoqrvnwnrq technique Allotting oorAMtort to b« p—Aig *r 
egbrcAKV*** r< - iv. the -*► - t t*a c- :< a r. : • *m»« *nd n 

therefore A dcsifAbl© Axtr* 'c * p •*• * v»Mi;hr, 


v- « .. ««• ;.•■*• 4ii_ j ~ <- U tC t A? Tre* F.|*-; ' Of k V 

.: a, e i. *• YtlfrlT* J€ch btgpodliogifcr« a*M 

r tf». X <e&.:trr ♦ ?**■ 


U.! ^_;:: sxggD 

> ft^VCt fXtOIMlOd the Stftef* M n^ber JMOWtof : v * IW r . 

4^1 ** tT» odgre%* of th« IHTiwj *or •''Menus rei&cns t*e 

(VioO# It ofir'i ••F*i ~ol> At er- - #Jjrw»kL i^. lor 

. . :x TEMF* f^ir^ **c*e tfvt A ♦ .,'** ’ 1 "* ' - * 

. M .. Try/ ' 1 * 7 ^ i\ ti. CA/lfAC AS A Wltft? lif h-rfcct 

flM* »r I f»A proqrA^' 


fU.:--.- IiiU>r^E5DFTHE . 

1>» k . . - *n3 PXtTP^ivp -p*- c- XC. :--.rq 

r» any • thp or'Ont Ir hitler, at ^ .. j .* -, 

*4: Iffme*::: i/C jrilform" ^j.. ^ » . . ' -rr 

it makAt. -• .^, 4P f 4i1dr-'Mi | i^t;» 4 - -» - « f'pd ►rth anv 1" 

Ttui ? » . f , r is X T -i -ijyj tree > .IbC^OA, Fc/ AIA^Ih 

.» jr* . • - * «* ,4 i, <PUt^5 aA but tt v X, . w- . -.o if.w 

Ktvr a hst ol MtUCA M v.. 4 ny ^OOAA oat - Wjth 
l/v&tructieoi rruM** tN* 44%»rrol/ l«rgu«ge wr ci«HouJt bo .r^r 

t .l I ~ * *r*! M.- tr, ^3*«fr»ji. 

Wr -U* deal >'-.1 * ’ - L • 11f' 


~M!W ^ : N 

TMfc -• * *• kiitolA^t ■» *- - «nvt.f tb** ppprTnrt !C 

* .*jf - a t wrtxtAon It^rlf an3 c**>oi Ce ;n An> Hi. . • 

-»* ( .* H -*»>• - • V [, imm . stc- * A 8 tXAtrtf AT* plA> 

tf« iT'*vi#pr in tNp D '•eaiitor 


r^cr PAGO 

- paicj ^drpfMHr^ tf- . w, *<t ri # »nOar x —t^c 

♦ - *% uk«n t. * - I - r,t t.ti ol Hi f M - 

T , r f upptr oi|U tlK% Jtod to AHUe M * f 4U 4Ut«en bit 

. . *.. _ • n»v-fc r » "P ‘ * register, for 

! . ♦ TA i rr^>»n« «stRr* - A fffq.C.tOf ir * • .. ' lu-itJrr 

. - fXX*< «bzr* XX • * ^ - r--- -t^cd in *v ,r^t* 

ttpoto^- Xt»itA that cip«ct pipe it igocHM r^lioti^ b*>t it 

.-.t»*r Addrc:; rieW it%i. ^ - a ^ct - J» i+ 

. d :;- /s ».f ' • «vaUA b.? «»h !•' i'- A ■-»- 

11 track o# tMo /*Jj# tt^u — OP and -M 

♦ • . a peel ‘ ‘ *• -' * * *-' tt^> Addre-rr. ?pv* ^ v a :t ~ ' rt 
^Ot tan ot cmnt^trd. This toirot ttoragA %o?feo? thr arnmer rM«y>g 
•c*: rojCh. )i i< n tc oxplicrly ir f'-9 gtlOf g r«*ct 

ipd 9 direct AxtOAdtd to, tl^n ti» tjrrwbAlt < an: > Art oftPti titac. To< 
, . .. • l_ r i" k *CAnt '^AC the A r^ 2 )HtAr ffCfn iXXC * 

. ^ tent*, if y » CF f+z.iKa*' And I i Mi niAans »OAd the A 

•»; :*r from tee 


:atl 


ACa/Mta^ W 2* im*»dUti AJ^-fWinp ^ W er two byte* folUi*.**; the 

r^-wcticr 4 r e i*-s«d as the n^^rerd ^rra-oiAW *&***+« n b * l 
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brto* - o rrm? location cm 6« K»rnui;. T>n* is k/ic-n as shorfh* ^ *a «**«*“ **• ®* ,r># oemrin*. not* th*t D cjfi&mm* 
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^ . tre locAti:>- e^dressrd t • * »•->•» ’• ‘ 

»*« PC register OXdetl tw The “hat ' 1 w -, • - - However 

*:c: r MTi.»Kf» mriCxiri :.VL:?£rT CfHP J C l T rrould the content', of ft I ftlft 
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Jf'ft.., U, T • •• 4 .-- FTI =- tic Ami :iun 

t 

r-K MA->.A2w.r INTEFF .tFT-jKM: 

> c» 1 pc -e a r< tre XMI hn w ► ^ p ” *et* fho icir 

the CC reotstor 4>d thfti itecks the entire register set in the usual order 
404 jumps to tho location Mheee Address is axtUmod ir tFFf: 1 

The arty chenpes thtt e# med# to the nvec’iiti# state following he 
etidung ore the sett m3 of do L omd S do This 

cv*t rtrnc t be 4. 1 ib - - tNrsforo .: aIwavs fwccrsd 

a* the dr fees sor, Alsc It too tro n:C|hest pruinty Ahd will alMiys be Oes 2 t 

• • • . '. *-.!-♦ j • ' l *l t*. wilt t- •. t • • *t>f> ( 

m at ; ” the ^ «< 4 v • : - 


• • v • f ?£2M5Uffil2 

r:s- rosAls^e^ prior:t tho vmi*. - hiqhc ots^.ty 

-•fr„p!«,. A low lr,» * * •* ' 1 r, - ”*4 1 it 1 1 

v a re. the- the k ir<? *- e g. ; r- -r -t* • -rf • - ■ • - *: 

M oti on whose odd’tss It stetod O OTFHFPT. T>» FTPO is fas*: in tre 
•rw 4 h«r »r onjy 4 s^ tegsvtff . . Int* ‘ . *• 

flip CC re^pste^ bits set. Srt~ tfift the f bit dtsaOles sny further HPO 

• t .- v.1 r , > t-r- t • - • in- 


■ 
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A tow xof on the IBO cai/ses the promt *>+< #, «e F bit ir 
the CC 'agister and to «t 4 o '‘n %tt of on the system 

stack w'd • jump to the location wrote add'e~* is sturwJ at 
inTHTTr/, The TO sequence zap 0 # disabled by ** • 1*3 tt9 I bit .n 
the CC register. It also ;' j'Uy ?tun FTO and JOG, TO writ 

the : ai\4 E tutu m vw :C rcgis*- Met «► “•«' -i • • disabled 

following «m IPC %«rviue. If It is Se-nniO to miv ' 3 t*w" IK# F bit 
thojld be set by an ONCC n Uruction . San ce : ttaev ••* entire 

narrune star* its 'npon*^ 1 * *.?wer than FIFO. 


MfrwABcm76SP?rr? 

Threa software interrupts SMI. fWJ2 amt SMI .ne piw d m tt» 
edO*. Thrir urder of priority is S«2. 5¥ll 5WIJ an^ -ir main 'terence 
is that SMI disables further rytarruots vu IRQ arc »1TW. W*s any SMI 
instruction is encmmte’red the antlra sat of regis *rs is attests, <The t 
tyt is sat before the CC racist*- is %t*Lfc*j,J The • j;r• .was that usee 
by the SMI instructions are gtvtn in table one. iof'-are *r.Ur*^ts are 
net l^viKv of use ir. normal pro;rammng jt he - ivetert 

design. making %mgle step Mrdwsre dafcugcmg. trat? x d memory "aoping 
easy* 


iHIDfflSjn. A&S 7 RycnQM£ 

RTt Thas is the usual way of terminating an mt* f ^ tine An IfTt 
removes from tha system stack whatever was plar** t«s»*e by the last 
interrupt. As the first byt* pulled from the stack is * ays the condition 

3 itt ttx f* tn! r< » '■• • *•■: t ^ ,f a < . »i. - 

to be pulled befC'o the PC recite* Ac •»• fr«*t» tK • -juU* Jte tha RTI 
in«Auction is often used as a way of jurncing to a program with the 
machine state tat to a particular condition. 

f.YNC Tha •/!% instruction is a jpaosj s*d .-strixlion to 
the AMI fently. When 4 SYNC instruction is etended processing halts 
and tha processor wait* fer an mta/ruu # Wfar any interrupt occurs 
processing continues. I* tha interrupt was enablau and if it lasted for 
^rr than tt» n .sc hire :<rJes t *• -r.^ nTr-.-Ct sequela 
occurs* It the interrupt was not siabled > UttoJ tor *e^s than tfrea 
rwlfli then the » ‘ rj^vta the next ir^tr*/rti^r! 

as if nothing had happened* This remarMOt# instruction is cOvUMly 0 # 
great value in %.r<rorutir«} p/acouvc' operation to the owt%*da world but 
with the option of taking soma emergency action if notd be. 

CMAtT Thu instruction has been dealt with m chapter two in 
c on ne ction with the CC rpg» . it is worth pointing 

i*oo'tjr*:e. A CMAJT oauppi tta uondtnon code register to be wiped with 
Pw following immp-'ute bfte and f*e- «(4 ^ ^ *^ia ar^ti?a *machtrva state 


and waits for a ncr-massed ntrhp* t© octxr. It is incortant to note 
tht% t« valuable ti-ne t n '*» %^fvrmg ar mtr^rvp* Itm! 

cannot increase the rrunoer of interrupts per ect«d tMt can be handled, 
[•idaed bacau-ie tre *W - - tarfpt can be forced tn * wd u itw:u the 
entire machone state, it can ttw nutfper of interrupts per wuond 

tMt can be handled. 


ROTES QM nrrum v: HAJB^iA&L 

Altrcugn this boot is not «60ut hardware a few details of now 
tirfiwrupts interact with the hvdws'a will ha^ the software rue»t 
vpreaate *hr types of action mat a*e possible. 

Tha *$.*9 has two signal lines that are relevant to mterr^t cpe<ation 
*-w BA (Bui Available? Unw srd tha B5 -Bus Srami ;ine, T>w %Mta of 
•^ese two linos reflects the state erf the pvaoeitaf as Qiven below: 

(A ft fr<*euar 9Uta 

I • mrrwl Inaram 1 

I 1 !iO tparv^ri wt/fwlwip: 

I I met I ret r<vfiifl|) 

t I IOC iTftC acPisuladsr? 

It is not difficult to earn that an mterrjptvnj devwe coiU ataniAt the 

• tat# ;I The L*A and tfti h-«e% ta dutu.ar 1# its interrupt ro*vvarst hud been 

* red. T>ti cperis fhm po*' .tuliff tf « device ra^i^g cnrtrol af tr# 

data bus It this point and Mplr* n Q ,f> * wodrass to be used as »tw 
Uttamjpt |ump address. • Notice mat thts is possible not only bec ause o# 
rha JACK *iy>ai burt because the t&f* interrupts a-e VECTORED, that it 
*he pnpcess'jr does not Mhp to a f»ie*i Uaation but ottai^i its vmt«i 
wbireis fn>e a ftved location.i This fr*** the programiter fnoh the 'asb 
cf finding •*w source ©f the interrupt anr sprrdt interrupt servicing nma. 
TSs fatnrjque is known as vectcrwd interrupts. Tha other pqtrt worth 
noticing is tha fart that the prymw is in a SYNC state can be be tec two 
py eitemal egunpnent, effectively saying tMt the processor is waiting 
ix* something to happen. This indication is not given however for a 
<Wall instruction' 


OH INTEFRVPT rK^SKAEGDJtti 


Writing pro^ah that handle interrupts is ona of the most tndiy 
ereas of p*op<arming. Hardware etpwts often trunk of a system based cr 
iTttrmpts fcwfote anytreng else because from a hardware point of slew it 
rurira 4- easy scl^t. * Two tacts sncpjid *e * ’• u* nmd by anyone 

c^nsusarir^ using interrupts far any taason. First, tne time sport in 
saving max run# states and y^pmg about may be longer than the time 
:n pviAw% 4 ing tne result of ar irtwfnApt. Second, interaction after!* 
4/f o^ftr ciftKult to prm:.Cl ..sterns capable of itsiltlpla mterruot 

•n•.t.Avl theca are ^ ally Jae !«- iriileguaTr software iV^xgr, t*jt 

•h.s should not be supnsing for to oesigr good interrupt handlers 















require* * t*i' degree 0 # hardware knew'edge. The pcm* i that :t it 
often tot to* to conduct 4 program that pal It devices Ml 4 fj«i 
than allot* the demand Mrv)cyt 9 of interrupts. 

T*r ut^ury- hjv:r.; tccn Ql.Ci It nufcf pe admitted tha* tr«re 4T1 

things that simply cannot ba dona without interrupts and the 460+ hat a 
wide rang# of tntwrrupt options that tut! not I probU-s. It it dear that 
the MM! interrupt should tie used for real emergenan e*g. power failure, 
in 4 • he n*0 interrupt should oe used for fast servicing o* oevicn. Tha 
IBQ Internet 1 % 4 geoeraj purpose interrupt for akin to medium etternal 
lltvicn - it ia easier on the programmer than FTRO but a lot more 
sluggish. The CMA1 instruction should be used if the proce t eor can t f*a 

i' • ’ ..... 1 -l. Irtln'uptS. or |* a 'CipCCi* *0 Ml 

lBO/lfHl i* rr^nrrdi It deem ^ r #«lly urpravm an FTRO b eca m e o» 

*(:.•■" 1 * -* ;. ’ - , .r% of the STNC m»»!fvjct*oi 

have to be explored by IfftfOPtt** systems designers but IN .1 *J function 
*wj / - ]f • r, • t< < N t :h > ‘ J t»n ' opt 11--**. 
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7he 460* is probably the first popular n » crcprtKe%»ur trut earraotl a 

censor at jo** >» i,r>ic. fc* c*hr* m;rr.^r-jcei5nr^ 4 

f 4 us - ■ ^ i ,, 

,* the ? ^1* e • <MciPf'*;\ •inlrrmbtiriQ* a/CTQtacturc lor 4 **onr 

•dvanted guide to 0# usefo;. That le r<tt to teg that tr» <*80* does not 

Mve «*. ~-r , ci*.*' • r *CW <- 4'- 4*. :/'<-* ^lOC hi* ! ' ’ •» at I he •• O 

. tm* carter fh* te.ner -*i: c*» v. i'C nr par' n* ^ c»t 

e*egr burning style. 


UiKlPSI» ^gQA?g E 

In most cases a program r %r ntvr be efficient ifast, small)or elegant 
itasy to understand, easy to modify* easy to (M ret 1 "he reason for that 

; that • ,r. .. ••.*? i; wear* ■• i- <^4.;, --tt to 

mt*oducc sonr tMtf ' -*wthDd that speeds tnp program . 4 ) 

or makes it smeller, Hour »nw of such tnexs often mates a 

program -messy* and ifiutf* more dlffKutt to understand* In the early days 
of conpi/ting. programming «a% Mlmly about writing ef#K*nt pro^l 

r c-rro.'trr M.v 4^ ^«4P*’ add p*Op'enmr' uw *•'!»* 
• fpar.i tho omohasil *n ^«** uuaikiv * reh^blo p^ogra« COUic hr 

pattern repeated Id the early days of NVflnaplPttig* 
S** 5 - *• f r- « • tne . >41 of rrac*aeonpuher Mmrr. t./t bf tru 

a4r 1 v • rre ve* - •»!••• ar • :v»iu; ated mostly l?r real tin^ 

nri f;4 4i -w. I* r. it. * * r * ■ > -• - ►* ^ . * .a * * * . .-If 

• s are »ej dM | • • mabte a processor such as the 460+ to l#d d w 
♦*c real wn»;c. Hov^et, tlw* »* ^ a far*ibr»cy fa wr-e hut •% 4*1 

• ’ * t the 

le p e r t*eit elenent of implementation and a *good - prog an is the most 
elegant, a slogan that all progr a mmers should take to heart is "speed it a 
hardware problem - programming about Quality*. 


v • - - • • . • nr* j u tra.l *• ■ aJ t la alt wit by 

denaniHr resign method ki wnplcyed. The best tmeam and most 

l?k ,h, ; .. T, , r*i.t* F-*..j a-i»ing CDSV which If 

#U‘lained k> irany Hortware textbeohs. It is usually assumed xhat 
assembly language pnograwung doem t require a design method ana if it 
• wouldn't be TDSP wham is most con ce r n e d with rujh Jevei languages 
such as Rascal. Tb*% smuly true, the design processes mrotvr 
TD5F car anu z,h? il? tin «cu lied m an y lanQuagc. IUw#.rt tf*^*e are 
-r-* - iv-xif*/ r - a* i.*w le.t'. Itnguage. 

r^i route to tte arcmtacti^e of the particular u - ,nc tremg used* 
Tn—.• * - • 1 irsuleratiant v •*f #rr-« 4 tte -rut ^ this 

chapter. 
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EUCA’rr prcosamkiku 

EUyarrf programming at *r* j*um:.«r laryo^QO Ua. it e^wciaijy 
4bOUt hew th# rroctJiP#*! t'Cfifcitjra *en be Mffd to amplify p'cgraH 
CDhttructurw Apart fro* «*c% rather gar****! consideration mo may al*c 
ash that a program at the assembly level IS monition treecenocnt. modular 
o* re-entrant. Me miU deal Mini these apecifu. reputrements fust. 




W IWI«EFTKLENCE 


FVnitico Indeporident Coda -FlC* run. *: • *«<. • •- disa.****'’ <n -:r**pf*. 
three, A poi.'.tr >« ' c-.-^-em .1 *- .rminc '.^r «r»y irea cv 

memory ar* miU run correctly witncv* any mo*i«ie4*t aru This is an 
import ant pncporty if *r* program ras to 0# made a.ailaol* on a ^irgt of 
hardware Mher* tn* user memory it likely to ba in different pUi^. It 
alto ***** tha distribution of softwar* w EPROH or ROM com. 
Instead of *l»atribwtmg a program EFROM* ROM 4<jr every itirtiig 
•ddr?** possible. an* tt enough if tt contain* F2C. Another advantage at 
PIC becomes e-ident m fan a Lb'.* . -f pri^rame ur *ubrutj*in*« 1 % tving 
established for* if earn pregram required a particular err* of memory to 
Kantian- It-* dear that fhsnQi become v*r« complicated 


To repeat the information from chapter tree* about prodjnng ptmitto* 

ifidrpatdatt (odr *• 

any aM»m »M? moves the program mcr.ss vnculo be addressee 
using relative or PC relative addressing wt*~«»ti«te addressing ts a 
special («M of relative!. 

any abort** that doesn’t -no.* with ♦h* prcgreti such at an I/O port 
can ba «o?rr*t*d br any ether method F.TCEF7 r%U 1 .» .a PC -rlativ* 


HfiBVLAPffWRAHHIM 

Modular programming it r**u, * part of tha TB5F method but require* 
•oma tatra thought at tha assembly language Jrvvi. A program is module 
if it can b» split up into a number of other program <modu>st. tacti 00 a 
carrying out a particular yob and infer acting with tha others only at its 
start and mb. Modules art usually subroutines but tha reverse need not 
be true. Tha ad* an tepee of mmtular prtsgr *n»mng are obvious « ftufNNK 
of programmers can each probe* modules to construct a larger program 
program errors can be isolated to individual modules. subroutine/cNsdule 
libraries can be set w*. Tha problem ««th modules at the assembly 
Ungues level is defining convention* to be used for linking modules 
together. Obviously a JSR/BSR should be used to enter a module and an 
RTS for leaving it but what about passing inputs and result* to and frum 
tha mcula* Al%c. *h«t »a;:^rs /*r T»od le use w;»hn..t tiew:y*rg 
information belonging to the calling program' One possible tin tags 
convention is to push all of tf* registers used by the module onto the 
system steel, as the first operation of a nodule and pull tha same sat or 
'«gt*ter* plus the PC register <dmng tha return auto"-*tiraUyt at the last 
instruction. This has the advantage of freeing any or all of the registers 


_ 


•U- 


for use cr the module. Tins doesn't solve the problem of paaHeg 
raremeter* bat moot nodule* to which there are a mrabar of solutaens^ 

D pass ppddtri in defined registers - this Ms the disadvantage* 
o* regu/s-vg each nedi*# to specify wh*cr> registers it will use for u*at 

restricting sua aid r.uncp' of paramefer-, t wn«*r^f 
are available. 

2> pass the parameter c ADDRESS in a register this has the 
aflvartepe of not eest r fc f t hf the sue of the parameter to the site o* the 
*«* 3 i•ter l>jt doe* rot solr* the problem of th# ttunbsr of i.arametor6. 

^1 The parameters can be sent and returned to m area of storage 
following tha subrautm* call. This is referred tc as in line parameter 
passing. For eaamplat 

W TOU 

Mfd» 

fDMOT 

«TE fthtS 11 a stfirb p a r eat er/ 

#1 nan eVi laaaun a receujrs 

tTbi BU • heu.rr, unnr A*ema rt»ra iaiao»» ✓tar 


4i Rarmneters. cr their addrassas. can be passed on the start. This 
hat the advantage that any nutfeer pf paranwtars can be passed mo 
returned. The only thing to be rtmemoered it that the start dual be 
cleaned vc at sem# point after the irodule is finished. 

There art probably many variations on the ••ant of par ams ter patting 
and programmers ara luely to have their sun personal favourite on the 
grounds of efficiency or ease of use. 

The question of whether to pass par^unaters or the addresses of 
parameters ia a difficult one and has been a topic of di*o*«»on ever 
since computer % *+'S propranmad* It is worth noting that the or the 130* 
passing parameters by efd*e%s is fairly easy For eia/Tpit* 

TO i.t • ) m t scars U Ue Hart sf U«U tay 
J5 C3Hf • cuiears u 1 »o4ua d^ich ram Uai li%tk 

'«nt at ntin ror» 

09fMC J» CT,S3 t Ufed 4 ulth first ltae ip till* 

US (4.S3 • M I with first it** in ucsrd tf/if* 

•e*t sf sutronvre 

and apart from rewnbering to clean up th# start that's all there is to it. 
The use of one level of indirection is all that • necessary to get a 
oarameter from its address th • nr «r • 
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» a faiity adv^rxvd ronoepr ars mu one* only dttewiMt 
system pftyiK^i. Howr^ff with tM adO* it tt c gT^i useful not 
em applications Out #0* real time consol 11 well. A ncdu.v »• 
ritentvart! *# »• ran •>* stopped. b. w* i«*»r*upt say. u;*d by amrth" 
'SB'e* AnO restarted, by • return fnjm MTNfl uy, wtthoi • 
VCial 5 'i:Ajttofk% any oifMier o* tines. Re-ant. wxy is useful . 
ameshare Operate . .. tcm for eixTcla. Tf 4 BASIC interpreter is fwUy 
art then any r\#-nber of user* cr use one copy of tr* prop** • a 
greet saving m memory* a more ordinary et ancle of the usefulness o# 
Wfl *: m 4 roai time control eyst ^ : 0 4 nwefcer of che* 

( •- M ’ - •«'. - 1*TC M - 1 4 * 1 ti^z 4 /:; 

priority :**#!%. \( % che-rel 0 * 1 lower pr i or i ty is interrupted by one of « 
t*«gher priori M r .* the processing program 11 '©-entr^t it can din 
br callre again and th. pr«x^* The lowo* priority channel *9 

continue from where tt left off fallowing trie RTt instruction, 

rry easy to produce r e^eet Tenl code for the MOt. U 
program is interrupted <#wept b> a riftO* el! of the register* are stacked 
lend hence sa.ee» %o if • progr** uses only the register »V eats storey 
it ifui !.• i 4 -i*ti 1311 * without changing the old state of the program, now 
stored on stack. Hawe»e if it do e s uee i^vit of memory for ggM 
storage th*r «*c ha, tt to i ! • M 4 - * . • .... I a *• - *f ,*• 

fashion. iSoe neit section,! 


R *->»m rancy is deset * related to recursion - the ability of a progr** 
to call itself, Recursion is also icire^M/g that le usually ceniiot*e d te 
be alien to assembly language programming, it is usually discussed to 
«l language manuals and ftipdfeoose. However if an assembly 
language prog**w is re-ant. ar.t then there is no reason why 1 ! snoui.: 
call itself *0 suspending operation of its current fore and restarting 
it** I 1 w;*r * '»p» **• af :%-sne?e^s, 

Some programmers consider racut^tnr an cmearssanU camples wav of 
-» a simple program and their advkf la •© avoid it at aU cos'- 
does rot mem that re-entrmcv Hi similarly darned' 


USAtaJii^aAkAa P 7P <roPAEI . g lPSAS? 

Xn the previous sections we have disc us se d various properties flu* *«> 
might hie a program to Nsve. Tt may not te obvious free» out discussion 
that an Important 'actcr In m Meetsg these cbpctivea la the method used 
to stcre data. In the writing of a mnhuUf program, for example, the non 
loterecttiin ef the modules de m and s ttet each one has m cwn areas for 
. mg data. In re-entfancy it is dear that each time tr» progr** la 
• l.wd it must ceate a bran* nw data area that fts protected if tre 
program is stopped and recalled. In FIC we nsmt distinguish «nd treat 
differently data areas that move with the program *x3 those that don't. 


reraise ol thi*. it is worth eiamimng ways of r*4*ty»g and uw^o 
areas* 

;» i 4 \wt f^ r fror: wi*h a rrngr*.- . icj re sense Ihe 

program. Such locations are often referred te as LO C A L storage* Local 
orrac*. *"a/ te time ly 4 ^* wiltu *r« p-*ogram se # ftn stc'inc 

data. A« long as this area is referred te toy K relative addressing it Is 
position independent. It 1 % also mortar as long as no other program 
mbs L but tt in rot re-entrant. A recall of the pregram wcUd 
Overwrite «ny information in thr :-»ca: «torag« 

The term UwaI storagw oe eaten dad to mcMt any %td#ag# thst a 

•of ■ i be - rested ay it b 

•nst it 1 % the tola wear af. Thin reinfmt^ tr# idea that iacai vtevage 
•Pile w ram iw e than vat beir^ inside it, A mettiod 

of pairing thin ito»# gsneral form of local s'oraea in a position 
pelapandant way is ro use one of the ttaevt. Tor esample if w# tfdkt 
, as of local ctowage • fttC. COUKT and LOC - then the following 
cr.Cc is position ind*p«mdant: 
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1 rvwra l >4at m the snte* tiers 

1X3 

EQJ I 

• define U3 h 1.1 

CIHT 

W t 

• afw CdR’ n :4 

.X 

c«; : 

• SflM SJC M M 


r» 

• far V «*lt urn A trta can’ 


GJ £34 

• ct eke I2S 


rtni 1 # Mara 


The position ir^apar^rce of this local storage comes from the stach 
tnu '*' ^airg vraffarter * <. v» prograit. ncvirg. Notirr ♦•wt th# k 
%t ot b« used wi»t* regatifw □♦fsats for local storage berau*# an 
j rtrrLp* wnjd ^varwMte the ••ea‘ Ainu ths system stacl 
»,# use: Ojrmg t*w« ^jjrar and S" r :"^c--anr- rushed onto the it»:h 
brv'ere l.Ne locai rtorag# wa% aUoLatad cannot be rearveriH? by FlTU.fi. 
Apart frem ttmse problems rhm method of local storage is obvwaly 
.*r -- I •• ••art li *ne pr^ga^ iv trtwrfuptae and restife- then a 
new area of stack is allocated and the old ares is restored intact after an 
KTI The objection that this method of local storage pa* * system 

ste?k c^ easily be ove r come by using the user stack pointer. Rot in tha 
obvice* ws>* of simply using toe user stack instead of the system stach* 
4 x 4 sc the u-C' ttack net automatically eil^ate new storage 

following ar> interrupt, it 1 * m fact completely unaffected. Rather, the 
user stack pointcan be uaed to mark the position cf the local stOfaqe 
on the aytem stack. 
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for 


ifM 14 • fttiN -Ur** 

ira um 

3Urr m 7 

JK fill I 

tM * 5*W * »a« *.**« mitiori bt tt** 

SIA OIKT.U 9 Utvr A u> cw*< for 

^ > i HK» «o^ !« VK biLft*4 flU*!/* Loci It 

rrrt i/ m :o* 

TMt ♦orm Df Ioc-aI Ator*** rt cCootrily i&uUar aim 

ft Tt* K ar Y coulg Dt Ltid in pIaiy n# tti# V pomtir |l 

ttefsi'td &ct tt»i% •% t 'tsrly t%c»£Al ut* of U# 

Utinfl the stack fcr local of wage is '*m;niscar.t of &•• v»te* pi'.ivg 
in *cCU+f pregr«m-trg and irCeed we can ask if parameters cm U 

•" * re-entrant way. The ar.-r- t« that 1 * wrawlw*, or 

p*e<»r«b»y their ->* p«v»«-t or the Stan*, the subroutine cm 

he interrupts:. recalled and thnn restated. i,«. they are re-entrant. 

loral stcrapr is only hmM tor « short tst* during a 
prngrem. The* is usually referred to es Temporary storage. Again ♦*» 
*t«c% •* Our most useful method o» miragirtg temporary vtrrege, If it Is 
figured to store t»» «eUe of any of the registers for a while tv*n simply 
thrsn them onto the r.-te- stacks 7ha only things to watch out for are 
lhat the system stack IS free tc grow la. it S not being u*M «, * 
marhe' tor local storage and that the fencer ary items are removed <<-c*t> 
the stack at the end. This method of temporary storage is obviously 
position independent and re-entrant. 

The only sorts of location that we hart not dealt with ore the ones 
that Co not move with • prog*oca. T > mcc are obviously outside the program 
ii same —'re and are often called GLOBAL locations. Jt may seem at 
first sight as i< there a*e two *ort» of global locations, those that are 
absolutely rued t>« some hardware definition such a* an I/O port, and 
•hesa that a-a f.iad r-letive to sorre OTHER prrvj-a- VI/ an operating 
<.yste< .. In fert r-js » an imnaoetuery distirctior because we car imagine 
a hierarchy of programs calling lower programs. At each level a storage 
location is either LOCAL to that level, id. created ma owned By that 
level, or owned by a higher level and is GLOBAL, for esample. in a user 
f ’-rgrem M-r .ini h.f. arv BB.urrviy l.fXALl ethers belong tu a higher 
the oper a fthg system or the machine hardware, end ere GLOBAL. 
Hc-ri'.g Lt • Ir.r ... . If -• that 

LOCAL to the lower levels are tseuassibie. some variables art again 
Obviously LOCAL and other variables Belong to a higher level, the 
mvhine hs'dware. am? are again GLOBAL. If we adopt tN* view, thee 
machine defined constants are stmoly GLOBAL locations defined at the 
highest possible level' 

Mrtf ’* allocating global storage can obviously be considered from 
•ne pain* of .n« of local allocation if we wove « the hierachy to a level 


.•ere ♦*» storagd is local. Re can therefor* ass glacal »*c sge »r> be 
position independent a><d re entrant at its appropriate Ur»el but whet 
.bout •** wa y *n which it interacts with the p*-agre levels in which It is 
global J 

Tte first important reguirecent is that global lu.vf.aM should he 
accessible in the sane -ay at all the lower levels. That is differw>t from 
passing peetairt to subroutines wt»»» only ire wAiroutine is given trw 
values of the p«rarete-s, any lo«a» levels mrst have the ralx-t paste: 
w down to the**., from this point of .lew pasting parameter* is simply 
allowing a program to initialise t*w .aites of the local storage of a 
program In—er in the nterairn. 

There a-e aeve'al ways of defining global tocatiors. first -« can use 
t*« tact that t*e highest p<-og-an in the h»r»athy never actually moves • 
We cm define a rsenoer o» global laueticn t at the -arhine 'or absolute! 
level evi use theaa to hold the locations c* tne globals rurrestly 
required. If the lots* urns a*# tha start addresses of other programs this 
is referred to as ar indirect fume table. otte*wi*e it is mown as m 
indirect oat# table. For nample. it ts tomnon for cpcrating s/slen-i to 
gefiha a sot of eiteicry lautm containing the addresses of thei' major 
subroutines trees a charecterl print a line ettu Th»» twchrth** is ready 
naee <or the 680b with its one level of indirection end has the addad 
bS.antape that if the location o< one of the glcbals chwvges tren 
prograos lower an the tseractry are unaffected as long as the jump vector 
ts altered. In fart the advw>tages ar* so g»eat that TV HP TABLES ARC 
IHDIRECT^IATA TABLES f.HOCLD BE USED WHEREVER POSSIBLE. 

A second method of defining global locations it tc reserve total 
storage on the user stack. FVcg/a-s lower in the hierarchy can access the 
global local tans as lerg as the user stack poanttr is not moved. The* it a 
•try restricting -ar o* -*.■'•« the M rrgiVer. 


tm;i p<? .3c 

This secticr on efficiency is thor*** than the sectur on el*gan«» 
beiause ootirrasing e prog run fo« sire cr spew' is a >»’y sceoalised tceit 
and dapevds very much on tne type of program being optimised. As for 
elegance and efficiency there is uwall» a trade off between «cw*d end 
tixe- If a progr*» to be optimised then the following strategies 

should be conside'eiit 

I* for an increase w speed and saving m memory try to use the direct 
sage register for addressing as often as possible. 

21 for an increase m speed try to use the registers as much as 
possible without swapping to and from «wwy. 

31 Fe* a saving *n menory ccn vert similar pistes of code to one 
subroutine. 
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4 For an irrnMCI U> ffy tJ *\jhwif>r* thw prcgr am *1 

pot«*&l0, Unwinding *44fi% c’tArgsng %c4ire»jtine t4ih f h COplM o< ^ 
«I**-»ittn* pUnwi in *ne prog**** wr^e :* :* called arc «nt;nq out lcc*% 

n». *♦ • - * * - * * • :•: v • „ . • . -•,% itw 

f*V* t l-T-C - 

* fa# W**;! ppU^%%txot nnt # , etar-.in* *he sartt 0 * 4 P'Odri<* 

rmcuted rep*e*edl>. tiamjne Icopc m oroe' c* uw ana nuT4er 
repeats. K*«e< IUMM c^pie L^ifruCtior .4 unlet* . In some tjmmg 
operation* Tff to r«no«« 4« Ai4ft<ad« 4% possible meiee io • 

W paM* of arithmetic repression* t*\at do not depend on the loop inflci. 

i* Ter n i* %c*cc a»did tM repeated cu of expensive 

addressing modes suer 44 indirection, 
e-g. instead c? 

l m m 

** iron 

aa* 

•*tar 


u%« ; 

ha* ittrr 

Lit •« 

LOT ttU 

eta 

tiff ;«r 


Wh>Cf> M«M 4 ter 42 Of 11 C, U 4 v. 

In general it u often quuker to use LtA to congee an address arcs 
Pefferw mtng it repeatedly in 4 Jeep. 

71 If lU cUc fails. try to find another algorithm to dc the r*ne thing. 
Fwr •«arrvU to %«v» tpare evaluate a f^rction such 45 t;nix' 4 #0 rrxla 
but to tntre*** *pe*d uve # look up Table of values. 


r ft 1 % % 1 ' * **tile mcro TM? 4 *nole booh could be de%ot®c 
to programming troche ard every prog/armor «iu develop rue own apodal 
favourites. The comments «ad« earlier »n the chapter ihxld be kept m 

.nirC amt trick* should t» a r .- ^9 i.riM5 -‘err-sary ther 

• hnuld bn well door#« ? rd a% pert of **c program. Xf speed c* spa/> 
optimisation it 4 crucial problem when using the 6t0* 42way 4 r—ortdijr 
M l Cccble m t d version \% available and going from single to double 
%pe#d it likely to shnw 4 bigger improvement t%ir arry toft ware charge 
could 4ake. 
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P* *$ 0 * n* m*>. fsitufos r^t <-.»*- it *«p.CiAUr e«y to turvi. 
mot* *o«vci 0 d«U typtt. wd< M MM Ott- 0>f <*<* tyM IWt is so 
ync^t.nt trut it iKfvn . m#nt»on is ttw Ml/. »n.- 
T«o-0wn- - • - i usosUy of 4% tr» orcnwac of Ng* Ml 

Mtquagn Dot to* fc®09's Mulllptr w>strvctvor> m«- irray access easy. 

OTP will •-» I'i "-It fr.fi*' ;» f*.r,,'.U‘ *0* --r -I • jt *.-i 

V>tJ 00 Oir^.tU to tftS astatis O* tmt>lm-mntAUO*. 

Am .s ft a<ftr 0 ..lt miOi by to* os* of . »to »*Qt msoptoo ^w***'* 
i, .rc-'AQO mocsti"! -mi, ,' f slat.': thr n r ir«, cutu^t »-*3rt‘. •« 
•— .,»4 of ttotpcry sUoc,t*S to tno cofrtspoMng trrtaf ototnsrt. For 
•Uftpir- • on.-JuTOTiux*] *"*r O* * oiomont* e*c*i of M 6>t«s M» 
>ogm. tn« lint cotrn^nroiAQ to so tn4»* of • |,r * «jei#»c*tio« for l W 

Cl*,,n.v bo in®Jo<»»ent« by : 

*»*»,* o» .'^rv • i'jrt *»r/ o' irrn • ,«» 

of itfi 

A tw^i(tr«iaP4. «'Uy of N1 by N. •Iwwi'lc o.cti K Oytrs in l.ngtri, 
• - first carrMiMrtftnf to mtficos o* OA ««y b* implomon’ca t ■ : 

«r ?t^t • ,t»*t •»!*«.. of mu • i» • '*i»t ». 

»f i,itt .;*»i 

Tho tr«ys!Anc<i o* the** two storage maepmg MtW* ■ WOt 
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chaptth srrrx 
CC’MVE^rtKO two PROGRAMS 


Alfhnagt in* Me* has « onto eroetectvre to the ttco .t .•* cot 
4^-irii nwipafible III tr® im.xm •ipiome? in ch*>ter ere. Host o' th» 

•- '• • , - a»C< Ir-.T . . A „•* POM it:* 

tv take • taco «*£?*/>• C»0* program and run it on the *00*. It u no—.** 
N‘> <6 coriwrt 4 4800 ®b l —b l y language (source coop) progr«e* to 4 <40* 
asMnGW language program and trwn «»ur«|t jt to a MO* eachsnv node 
T“» trpubte it *»V*» .#r. often user* onl r h*.. ctm to tea 
mutiir* con* «c»rn (s' tea pr-»,. am. In this caw aithe* it* program must be 
il;»e»M»nOJM on a MOO wstem and tnor converted to tr* 4gge, or tt» 
5 * ‘ • • ' •„*.•, M - • • ’ - i % t -r 

-■ ;*D«r*ii. -if, a n.r*en? cfiC* vefs.u *:>♦ a *mall 
*•*••• charge MV will aw you tn buy the program egair ' 


saiga^Ta aw iKSTKvcncxs 

;>e o' the ».•«« P'cii.ren v* cor .*-*mg <<.«. programs fn* the 680* is 
trie abi#K* of certain standard 680T instruct uy>s. F» etane* the t*Q9 
ha* no ABA (add 8 raQister to th» A register> iMtrydMn< This vintage 
of instruction* is easr to solve by uung other *►>* instructions to the 
**“* r 4t oCt- A OArrov* of 64kr» Assembler* automatically transUto ®ry 
*900 instruct ion* runr'i'W In a program to pgc* equ relent*. Por 
V--'.. inr**ert and for ntu* m with only 460* mstructurs the 
standard equivalents arol 
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TV 660* equivalentk a/C mostly si*ple Sidi»*|tAAi««»* The only ••• 
|,kalv ta cause any VuuhU are the inmpesite cnes that make use of the 
A.stn-- stack - o® caretul teat there is ^*x«jn star* eu the CFI 
untruCUPn. On tha 6600 the CPX instruction was not a tru* mtUm PH 
opera*ian and only set (he t bit in the rendition code register corr ectly. 
Tru* one uteSO check to see ■* the X register -as the same **•**■• slue 
but not smtlu* greater than it. On the *•* the equivalent uKFX sets 
,:i a# tr® conditio* <ode bits csrrertly. It is tfl*'»cult to thtna o' « correct 
*600 preoran »rr~e this -Ould nek# any dll'ersnce but It IS .rortft 
Manrg m mind during debugging. The TlS and TSI pair ere also di"icult 
to trdMUtd eiectly but tne reason tot thts 6b better 3**1* •»»<* »" the 
neit section. 


T5£ STITCH STACK 

Ttm di"er*rHe» between *re operatic*, e* the b80* s system stac* end 
the <400-6 stack ere the most troublesome tn converting programs, .he 
- v,*. pc.'*tar 5 pou-tk at the 1 AVI itea placed on the itatv .-.utoad 

af tf® location below tt® la*t Item *1®. the nest tree locattcn a* 

4400. The cona«quance* O' thss difference ere: 

II The stark pot-’t*' » ce initialised one tx»iiu* hkgner r*.*®*S<**• 

J> An* bbOO pyogrpn tfist doe* aU its stack m»up»Aetsan th/Jup h the X 
register tkd. LDXiTW. TXk tested o' LDS *TXMF. will »>*»**CPrTdrt 
itac. translation -hen auwooled for the MO*. The reason far true is 
row tr® 460. * TX9 mstnatun wtpme^b 4*cr^« ‘^®cwtl^ 
a' ire I r«g; S ter. rrtsn i* I wnnts at TLMP - UttMW 

P and following a TX5 a TOLA also load* TTKP mto A.» 

75X instruction euton-Uballt to*4s the X ragista* -itn one bWs Itte 
rentants of the Stack pointer - laavtng th# X regiatev pcrtntihQ at the 
drat item on the stack. The 4tW* equl.*ients of TSI *rd TXS given abnv* 


n 















NOT m vat 'JT :M v S and tN,s qwo the 

-C'l*. *i. • ~ •■■'*• r«i» That - * l -.*. •.-,.... the and I 

r*V** u - 4««*y% r~u ,i|t tr thr detrition reg*tt«r comtwg to th# **r* 
Sot 4f jnn 44 the source register. 

TTto first probW? i5 slight COm^rid to tilt second. Unfortunate!, 
»Wlt medum to l*f «0 6300 programs do not i- jlI the*- 
MAtpuUtioo «sa TX5 And TSX. The reason for tms 16 fcunela. Onr of tht 
p»ct:c -* *Uh •••- .v>o 1 % *-#* lac* cf a second ind.* r»yi%t»r -TMr y 

pfog# am-rr* tnnd^d TO US€ *hC 4t4X> ,>4|T f»f *4 «> occasional seard 

tndri rtQizttf The X '*.$»>*•» *#* therefore often octLCied by the fir* 
tNt ^tan» pointer W4« brought into use end ar i/neocsate load of £ %wr*< 

tfv4i to —•-*.'5 It l r f 0 ftlV.cn, Tor 014/npi* 4 typical rttitf, i.ir C* 

tf.f. ^ • « • '.♦h* :otr*r' :s to cc*TCi«* %*r.*. : ,% r« rf-an^ers' 
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at mr« 
«U* !W 
ml d trap* 


Hoticr that this prograe canoe? It interrupted ttf>/td to# sared 
registers wojid OdtrurHe tn# second it ring • Alto r»atu* that %tac* 
pointer u loaded «itn e&TP'j. 1 sc tr*t the first PUL B gives the first 
♦cfer of the am painter move* tti irey along 

* ** • t 4 IKS • V .-'s • • • •, 

To TfahsUta Ihn pr pgre* to the 63?* all Ttut l% necessary ;s to load 
• pointer *i?n tSTHOr rafner than #5THG:-t. Athough tine want 
simple entxgh real progr ams can become rather men confuted. . 
o f load ir-. i la A300 progrenmtr might have loaded it with 

05TRQ* and then carried out a DCS to correct the stack points. T>* QES 
:r * * 1 ' 4 ■ ■•■ *:0 Id Co plated **«. friam thr * fit load *•: of t r# 6 tack 
pointer and cacao the programmer carrying out the travilation «ona time 
Heb B i houtd Do deleted or not. The only tray to translate 

a general stack using prog*a* *% to follow the :oqi>: through and ady^et 

T^»c '.rao p-;. ,?•»♦ wUn 

My personal preference :% to replace any section of a prograai ttut 
uses the stark pointtr ac an additional index regr.TC' C r ar OCpJtvaiOfit 
section of code using the MK»'s Y register , 

The stack causes trouble in ?*o other areas * startu.*f otffer and 
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«U0u»a Irrtft*.. Th« *»4£»« five wf fcyte« »Of ” 

MI tt 4 r> «'•• 400 *.•’(3 He* be *U 3 w»e fo» »n t»* «'•**«*> 4.loc*.*ea *o 
♦ r* w*-r- * '♦•ore dtff.iutt erob’.f*- I* tr* t.'-W" 

400 *••3 tfte «* v> '* ttecving orfif. The W 1 "* * *i »:W»} o*Ce* re" h* teor> 

ofchj. tv • * u (twit wfiwiefttpcent* *»*5 

11 u# ytnm| o tok cf * «rd h * f Mnr 4 

dim a t •» »»t iigifMl *+* * 

UO r rtUtUr. 

1> 1 1 + lUO’JO trsr p«*U4JtK wn rrr - * rcr^^J 
t/v ) ir K u> VS :t»^ 

Tnp ttwiijac That a'r caccary to mi.* a*,* nruj»ar-4 vn^** *'• 

UtNlCcl- 

lf X points to firat i!«m or tha 4tao *hrr *• - . a* 

|*t chnst w 
J*i r-^ot w t*< 

:Mre U 

t.i :%re U ll»t. 


Thera are a nmroer of differences Mtunn the *300 ** Midi’s uu ol 
the cvrr5it»w» code reg*4t*» , 

Th. f Mt OlUermV it Th*t 4 «»» w»« m. toe t-o bjU 
crrdiT iin ccdr rreicfar ••hareas rho ignr;rac thee- Tne onlf Place 

»n*t ?«, cm emm pr«HM» ta •* e M»M 4 0fwt» 

»h* cavdIMo" OHlM fllft** !■»!■»•* u>lu«lon »o tl»» 

P^fcU*. If tO W««rty «*•«»• »»** **• ? <* ^ “*» Of »t- A r«.;, 

««c to r*<vn'*^ valij-* b*fo" - T;.f rr , «\xt»«*Andt*m*'»»M 
IS r-c 0 .U 4 /. noruofiftt, of 4 TS7 o* CHP in«nx«wn *»t#r 

c.* tpa. 

A mo.* OlffiaAt ft Of Oi'OOl*"*. > 01000 from dil<*v*nt ways ««• 
tOCf* yiiltvctWftt »f<*r* th* njnwns'- cad*t. 

l» Pw 4»> r*T onvurtun *•» '«*• «• * ,l " • rtMm 

W 4lf M. 

♦ i all e f ua |49t r^yn tfHfts 'AiP#l9R.W do i«r. 

» 'l«, IV I« *•-*. tl I.v f 'i “ 9 ''l ' 

•*m » «d ***»• 

Dtha ms m flaa i% rot pfiNf * henm *t» articular iUU 

.fu» oMMd- 14 * •**!•* <».«.*.*•) u* ton «Ww* 

u» - fl#| *xer v^vr cwrfmorr*, 
i) tie lit* 031 imtnrti tj\ uii ill Mart crrta<tls idarae Ue 
4011 ell %*% W ctrrrrtli 
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ShOuJd OMft C4U»* 4 i't trmiHl# |(i tr insist * 0 * f \i 1 
******* 9*T)Q**rHL* kfif correct <^C» pros*** would not um tr» *tAt« 

of the c bit follow^ • T?.T mi*rix*iofl u<4U9e a carry uwtet r^jt 

^.htracting x#rri, or w tn« tut# of the V Haj fuilowtrg a < 

***** *•<-**• *' ox^no* oration carnict ntit »ltr 4 cruft rmht 
^•agfcon t»> IN# state of ?r# H flag follow^ 4 attract in* 1 

instruction Mom a hall carry flag is only used far BCD addition iBCD ] 
*u4itor«ctldA is aty* by addlr«g fun#'* rr*nptcm** t rvmber*». 

T>» action* qn ♦rm condition rnde bits a/e eiffiw out to ** 

extension of what htpcert on reU’»d instruction* or a r|g *3 appUcatu** 
ot the Hap a meaning. For eian^i#, «r crrrCan oonditior car ocn-r cr a 
stiift lef* instruction !tf*i rofrnoc^i to <*u)tfplicatlor> by twoi «*d tbu 
-• detected c, the ett tow# OB of trw X and C flwg* aft#* rm? anift 
7 *‘«> aw>'*ac^ carries over to nm* t rignt* even though it .4 
' "irjit to ;*.* hearting to it M* eta* of the TST instruct**. if no 
carry can b» generated by «ua> treeing wo than ?Sr urr, rra^ot ua teto 
ard tie C flap should !*** reset. H# approach to flag* is sect 

•wrrme* up b f . %f i« doesn't convey any infor.watjon leave it sicr#-. 

Tr * onj* prcoiem it that 4*X> programmers *? rryt always r* Aduev 
Otrr^t % COB. Ha-rw-. #**n mcarrec* code SOeetirfirs This 

can Happen >o» two reaior*. eittwr tfa mi sui deafens *->9 dre-r not iratt#* 
or the tncorrart cnor 1 % beirg utec in some .w v clever way. An aiaitfiW 
? th# #u%f r **w may to found m Tha TDfT AftZKBUX 4*00+73 
Ehrtwruihs. |j. Milled ty Byte. jarr) wham f m* the following <t W : 


m £W5a 

*: o€ 

**ft of arara* 

On the **». tha BHI ^ttructi^ following a TST haa tha %**» effect at a 
r,wt wtruciii* 'C «a alwaya wrro> -nu 3 % ;w «hat orogramne 
uitaroaa. Ho»tve on tha A*C>« tha tcr.irq of ti# C flag dopanow on tha 
“*'•■ * * f vctitm that affected it and rha operation of tha BHI > 

.,.c- a« Vh«% ran mp fauna thrtijghcwt tr# TIKT ASSICKBLTB 
f t rdf> rodf m.uwing *KI atad av BN 1 and fiLS aa BCu. 7 ha remedy far 
ttoi tort of proO'e- i« aufipla. either foIJot. aach TST initructian by a- 
AXDCC #tFE re than 9 a a*r* brtnm to *t. aparnpriata corrarr form. 

I hava not acroac an r carelatt or «ntatitionaJ ftmiei of t*w 
Otha. conditwin cooa momaliea. but tbay ahoaid bt borne in «*ftd if « 
othireisMi correct propr^e. HaMytK arraticaity aftar corivar* 4 on, 


F^BLAim jjtfag j^jssg^ 

At liroiAa program 11 or>a which nrrtif 1 ** itaaif in the ooorta of 
ra#urg. Alth^n leptra programa are aleajr* to ba difiOK/ragad, tHt 
l&Xr% ahortcominga often forced Caver progra/rmera tp um 
aalf-mooitying technique* to gain zo c#3 cr memory. One of tha *©*• 


.iKWTon forfe of wo.** ode involved the njn tin# -edification of tha 
:^n*fant offer! byte in m indexed instruction. For axAeola «< 4 )pc*e A 
:ont4i-»% *tm «le%»»ed 

stm act 

do nut*] 

LM l.t 

would CJk/x* B to be Umcw from the location given by the contanta of X 
plu% the contents of A. JCatx* that t*# label IXCH w %at to equal the 
arrant program pcaitkan • pk/4 ore. that w the vecond byte of the LDAB 
.X instruction and h«4rca t r w *ni,tf > *.nn rtwing#^ rtch time the preg'en 
»c earned out. Qn the 4*0* the ^*me effect can be obtained by 1DAB A.X 
and there 19 no need for impure coda. Tha fc*00 coda as given 4bove will 
, • avk rr, «h - -erauie the second Drte of t.ie LDB O.X »^ctr,jc!.un 
cant sir- C*ne* infornation tr^ the .a’ue rr^ ennet^t •» i*ed 

wo cff&at U treated as a ipeaal ca^, chapter three. A direct 
treolation would have to forte the morv mode to po to the eight bit 
constant offset mode and ramantiar rrut three bvtaa are than used, 
third tnttrily for the offset valua. Starea a correct translation would be t 

Tf4 DO* 

do auto 

UJB Iff .1 


Key otMr similar eia-'ple; car be feerd in corrmeraal coda. 

Tha flBEMl trouble with the . ^ «.n of impure programs it detecting 

that they ar.% rnvure in first place, the sure sign that a program it 
self-modifying is the presence of a label fhaf it aftatched te the middle 
b 1 an instruction; but. apart from It- mply a ipjeation of CNKSang 

that r>o part of 4 program •tore* data in or mod«ft*% <for era-p.e. 
1 npfenaotv' any o!V» part of the r^ogram. 


nai 

K«ny apcU'dticrts • the • * • 1 ne rre t.^ w>-;:h an inst^jcnon taf« 
to aamolete as a method of delaying a brown inro.mt of tt**. For na^lf 
a typical delay loop n*ght be.* 

MB ttM 
XLtr OBI 9 
PC 3QJY 

Obviously on the 4809 the delay produced would be different. The answer 
. i this an 1 % %**p2y to wan out rev U«'g t w $.800 code took, to »ie<\>te 
total and how long 4 single loop woxld take on the 4*C* and then adust 
t*w value loaded into t to gave am near to the same time as poaubie. It is 
difficult to give any general eortoe on the question of tran*latum of 
system timirg. except to say that such timing inops are not good system 
design practir* and iyOd be replaced by the use of systam docks. STBC 
instructions etc. w here* # * possible. 
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msm ci escc 


A direct cor*e* lien of 4 >*00 program uouan? ?ro>j»; 4 6$C° prcqr 
that *4^4% Mp Mr* tp*u». T*w reason far (hit 1 % that vum# 4000 
mstojctton* have to be coM 4* two 4fe0* mstnxtvossi tbo the often 
jizc 'U> crstr’.r can ?ai* ty>* extra byte ar*3 irstrucTicn* uxh 4% 
MX now Uki tr>e two byte for** IEAT 1,1- Ip gwveral 4 completely 
rewritten 6dD* program doing t*w tes* would tahe less or# •♦ the 

tn« tame memory *c»c>- T>* reason for this It that the mere 

pOw**rV. :.-t • C4P 04 u>%-nt ». p.*i» df 4 

wet of ti/npl»r instruct*!*u Fur esa/rcl* LEA X 1,X wno;d usually Ue 
absorbed into an LD* Jtt instruction. 

* chtrtgt m code tenQth can produce four sorts of problem! 

li lie* if uu. w- wwv 

?l if ir«r* r< eti irrr 

3i tie tnUs^ue ^ r*:»ti* >fw\i can ti wt *tw*w u*c iu 
ir mm -,i Mat 

•1 fiws lUf rt#fti«t rrrtnri :r> re imalidr-td 

Problem on* Can be solved by either optimising th* ned* or aeqmrtng 
men* rrwmory vane. 

P*35lo- *wo it ulvqht:'* Jiff*.i.:r If a data ar»4 i% d#f»r«*c ♦ - 

start at 4 fU*d location HbMH)f fey *n OHO - ongm dito we tl it n 
pot % it) l* for 4 program ar»t to grow ufharKy to overlap* The solution 
is to **cvf either v* data area or a teener of the program coda «r. 

life. 7h* most .♦cortant paint -t !u r*.- fjr Qf&C# 
f '#nte embedded m th* progrin and see if they are still •alid< 

The tharc problem is trivial. The solution it to imply - oU l* every 
branc* causing an error D> 4 long relative branch- Brteibffr however. 
tr.4* *' i%, j* • ♦ the prolan brarchet that not 

re* m+ p*oM*ms Defer* may cause errors at tbe nert assembly. 

The fourth and Uut problem it difficult in trwi it car be ruud to spot. 

* Reed fedmgtl re at..*# ’n «n h li eee Hia* * '* iiyjomgticattj oaefeeiM| 

by ttie assenOJer. For euncle: 

SC H 

Oil Iff .1 

a 

(where • mewv* th* current point in the program*. This wit) cause a b^ar*:* 
tbe HOP instruction. Wren concerted to 6Wt code the *3 offset it too 
cm2! herans# LDX fFF.X liiai a-, eitra byte. The solution in that case 
»% tc • m v*. : tn < a cr .»N#t ^Sr HOI :*-.st- nranc^ to N^ia 

label- 

The trouble with fixed length relative addressing is that »t often gee* 
onnatued ip ?*» middle of an otherwise trouble-free program. So check 
' ' • . arr # »»Twit: -xr^sns-v it the • jc.^ AS'Y ii*ltruCtU^. 
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aac-t based cohf:”ff SfltDd 




There ere a wide unoe of tonputer systems based on the 680*» from 
Mai! industrial writs for process nontvol to large tmeshare systaea* 
rf*e < has been assoaated with a particular hardware 
*. »• s*4r^%r- ^ ,V 4i*^ 4 p4/tlCjla* Opcra^rg SjAtpff* * FLEX. 

However the introduction of popular y Tarrty and A com rave 

iTInwed a wider selection of basic hardware and the introduction of DSV 
by Mtcroware# Unifies by T9C and the availability of full UC3D PASCAL 
love widened the range of opera tin g system- This increased err 
both a Messing and a arse. Previously the >909 oameruty was more or 
less committed to the SbO and FLEX. Thun a reasonable degree of 
wtaPdardisatinn was possible and hardware and software could be 
exchanged between systems with Uttle difficulty, ftrfoc* going cn to 
la^c-ite rr«: ^he* t— * - ru-v^ tVe S-0 Stn “it *11 

started. 


mu* 

The first popular microCMpUtefS were bus cnented devices. That is, 
fefeey used a srandard set of plug in cards to allow the user to select the 
*^.oirer ^efforTancr. 7ni* icv'"**' i% \e%s corrman di>s becai ne 

of the reduction in hardware costs- It is now easier to tt*>£ly aa much 
hardware at possible * even if it is not required * on one printed droit 
board, This is ^ften reared to K the one board approach. The rserst 
wxxessful bus standard was the S100. It was used mainly with the b0#0 
rd t * -ors and is an obvious standard by which to y^gs • 

ru*. A Dm#» i *pa/ 4 ii#e to%tor> of the SIOD sr/5 S50 bus can be seen in 
Tafc-e One. 

The basic structure of the §90 bus can be seen m Table Two- Nearly 
a-e derived fror- th* HWs connections. Sutter 
address lmes provide the came amount of addressing as the 5!00. Eight 
bi-directional data lines contrast with tbe SlOQ't sixteen uni-d»***ctioral 
:*•. . y.is! n.t >"cr I:%ns «r# f#.*’,- straijhtfc^ard irv? 

» e ipl a natery i Anyone familiar with the SlOO will be eurpnsed a 

♦*w control lines used. Ttvat they are enough* is something ttat 
v r% l f be pr o.cd b * eiprr;r>:i» 

The greatest difference between the ISO and the St00 is# in fart, not 
part of tta mair bus defin i tion at all* The S30 bus has an auxil i ar y I/O 
bus consisting of 30 pins. I Not shortly a bus at all because not • 

;ins v* pir*ll#)»d«> This is ccmetioes re##r#«»tf to as the E30 ^js and \ta 
■ gar be %rr> in Table Three- The «ost unusual feature of 
the 3*> b«it u tfe presence ef pm t an t/D select pin. The WO bus is ao 
’Trgw^^^t tfiat every $90 Dus siot ouaeies a certain number of addrea% 
• 1 * ¥ ** ’ *• 

mi address m the skit % range is output on the main bum the I/O select 

t in ooes low This t^t w , I/O card plugged v*q en $:<• slot rood 
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only er amine pm 1 to dikeover if it is brir.j hmthmO or not. TTs*s :*al 
Card* need ***> Uttto artultfy (gr •*« pi/pow. 

Although nut pert of t«* 950 standard. most St» cmputn^ have es?e ] 
'• K I/O ports. usually it the raa/ <H ttw main chasm. At tha S30 bin » 4 
fttSsnised arourd The 6990 KTO th* 930 I/O Owl II c>c«iMd around w* ‘ 
MOO't peripheral chip* • th* 4M0 P1A. and the ttSO ACIA. Thu* MO M | 
f?‘., •ro un«t .«* register Ui.«* >. D*vrni -f-iiti car.tful/drt* 1 

register o» « 4430 it t>clTi} addr e sse e . Hiving only two »*;»*ter w*lwr*i. 
•Mht that each S30 tk>t mu only nm tour I/O ragmens. TH**. ncrx 
otf.iricwt Pw»I tmp*. such as tn* XOSTDC 4523 VIA. cannot M mi 
IA problemOvercome with th# aevant of t fm S50C ii'ftom Cot. see lit** . 
Tc r#t«p. *ocn WO slot has an* I/O »*>rt pm which goes low when r*» 
*)Ot it addressed and ocn«t*w ‘o/ distinct addr#s-*» *> in* **» 
(n»Wf twice, usually r*f*rr*d tc *1 «r< I/O 00 ft. 


t XTEHC ID AOM ffiB fiUt u - THE sax BVS 

With trw 4409 riff* th* need to inc/a.w* th* addressing rjrge of tiw 
S?0 to..*. Alto seme eitra control U«*» used by tn* 440* i'« net intJudrc 
tn th* 590 but definition. THrs# problems Njvc boor. Over com* by tt» 5S0C 
buc definition, ttw main features of which can «* ***r m Table Tour. t>* 
«*" 530C bus orfinificn it a Ivor If. Tatol. Five. The mam impeo v eewrts 
tr* tt» proviaon Cf four extra address line*, giving ami to one 
Megabyte sf mam memory. ml two extra register select linn, giving each 
I'D pert suteen memory locations. These two details make the S50C b_» 
ready for th* next generation of micros. Comparing the SV>C With the 994 
itwfmition indicate-. that SBC •« • .t*vices -ill ~cr« on ttw 33<r t iOC bus 
with little or no modification. Going the other way Is not always sc easy 
M some man_.fi! lutmi /rake plug-in cards that v tw used on tots 
version* of the $ 90 , 


5£*t£ llEAilSSESSlS 
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Sooth Hex* Technical IVoOucT* Ccrp 
31* N. Hic-vod.. 

San Antcr to. 

TEXAS Tf2l4 *512) J44-024I 

SWTHC is the main mwvufacturer of SM device a. Their product Una 
v*!w4** standard 954 systems of S*54a bytes, •*j4ti-vs#r systems of 
l."i V-! larger. a * •.-.vs- .■«.:.)*.•• eight :. .!■ duUile 

sided oeuble d*<is.t r s.««* five inch axel* sided/doubl* density disks, 
and a wide range of inter/aces. 

Bgeeul points to n produce the lowest coat 440* CPU cord and an 

ri *ll*n* p'oeess control 440* CP.' ra'd «’.tn on-board 6s RAH. 
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Smohe Signal Broadcasting 
31334 Vu CoUnss. 

West use Village, 

CA *1341 «t»4i*-*M0 

Sxtohv Signal offer a complete range of systems- L-cl.eif lo their proAxt 
rptge *n* interesting disk aantrc41er. ard *n advanced c TO card. 


Hid west toenttfxt Instruments 
220 M. Cedar. 

OUthe. 

Kansas. 

44041 f®l Jt 7«A'33T3 

H5I af«er • complet* rang# c* systeme mck^rng drives etc. 


OIM1X Inc 

1337 West 37th Place. 

Chicago. 

IL 60*09 Olli 927-5310 

The GIK2X product range include* complete systems *»on 4k too»er 12>s 
a,t*s. a i-jCC'C main 0 *«si*-t..-is, mother t»a'i and constant •cltao* 
ac-er supu:». * high resolution f25*»:-54i graatnes a .ery 

w PVod — A eaw ir e lU reet BoidMi • *• • • • -• ’• y - 1 

praouce son* Of the Hgfwst quality 4«*-*e* amiable for the 

T^y are re** committed to the toenttfic/process control side of 

comM^D- 


Sl^BVa 


Achermes Digital 9 yst*rm. Inc- 
lio K. Tors Rd, 

Suite 204 
Elmtwrst. 

Illinois 44124 

an $to* roepatitJU 6*49 ca-o >' availxb> *'on Ache' -nan 

Systems. Th** includes a sarial pert. 3v of ***•"** M*a!t!«a 
makes a good alternative for *n.an# with a stardard IIIOO system *.*#*9y. 
The main proble- of t‘* ■■909 an fh# Sl<^ b.i 14 the La. f a' tta’.-.-d 
u-t-a/r T'.ii Jtr h» c-ercan# * »-*ne eifent if the IXCI eparating 

s F *ter can be customtaed to ran with the available disk delves »^s 
would have to be dm. every 9100 disk eontrc.le' refer. FLEX 
soft-are covld be generally transferred. 
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Aram Cotryut*'*, 

x* K4»**i SOL 

Carrbnflge. 
ENGLAND 
CB2 2KI 


ACORN computers Art test Inown for their low cott t!02 fitstd machine 
the ATOM, However they alto produce a nurde* cA EUROCARD ur» 
module* Hew) an the HACK) end the tb#** These ere tA»», co»h 

cortf cl t.pe at-: mi. cc * * ►ri in i • rv»ierl r t re • , T, r 

;?e* can run FLEX to it it fully software compatible wit* •*<)*♦ 
ether 6&0* systems. The only drawback of the ACORN it that .*. . 

A ncn*tl«Ated bu% my idd*etA etc. mutt (At the ncrrer.li be 
purchased from AC ORIt. 


Rot Of 0*4 

leant art through local agent ot distributer* 4 
ML’jrolA aUa,; tupp;,*4 c ty%t*«tiA b*ved j'< it* cwr* 

proAictv Three have traditionally Aren celled development systems and 
Kive been intended at wart of develops*; dedicated hard ware'so "-mt 
for control acpltcatsons* Their ftrst range of produett were based on the 
1800 and given the general name of ‘Ew awr* boards. These were of a 
h»gh ^Ali» r tot •-* *• ttipuilW.v#. V 4 Uun »tw• J-r 0 vf*^' It Similar fu 
S c * bi/ # no* idwlKil and cards are not rrchengeMn, x • ^<3* CPU is 
available i“ Ml? ransf. 

Kore recsntly» Motorola ha* introduced tba Exorset 30 for 
development work using the 490t. Unlike previous Hotorola Ay* 
txorset looks Uke « computer, with everything n one VDC-like case* It 
com complete with a pair of V floppy disk drives and a cassette 
interface. Indeed to use the Ejcr%»t no ntn hardware u required 
<Although »>?* i • Iff *4cee etc* can be inetaJltd inside the case \ne a 
R-itrrrr;* cn r — ' T */• Eio'sct *6 crrcellet i r trrmr • 

hMvdro #i>Hty u-: Mgn b A da ml m m :; said Its ■ pptei 
software. The ooeratvig system XEOS is primitive when compared tc 
FLEX and the standard editor/ aawht olir’ pair ere nothing special. 
Hotorola recommend their new dasiv terp^etat/onpiier, BASIC .V ftp 
use with the 4A0* and it does have seme interest mi; features, it it 
capable of producing a position independent (and hence JIOMdblei pseuds 
code which is a very desirable feature for development work but aJl in all 
I would rather see e true cometler for BASIC* BAST CM would fc« even rrc/e 
interestt-g If 4 TlfX ...... »4v»:l4h<». 

The etin problem with ali Motorola hardware has always been the 
WAtovoty high cost Ian equivalent 590 based system is appra*ima’ei F 
half the price* and * ~t»l r poor sc* 


Tandy w 

(contact through local egr^* distributor! 

O^e of rv rroit mgcrt^i things to Mppen to the sAO^ was its talection 
e. 7AXDT for us* m it* colour a# route'. Tar>dy are best known *y tfeir 
rrgr of TWO empufort - the best selling 2CC computers in world* 
The switch of Tmdj to a new OMJ* the 4A0*. when they have had such 
success w;tb the 2*0 says eaJfch ft* Hit •-***% quality* Sonr icfi^es of 
tfw Tandy colour machine ere* 4*32k RAM. colour BASIC in ROM, ca mt tf 
10 port. 4 i* bit D to A converter. f.*.ir Cturral in tit A # o DconvuMer 
and a ouniper of colour display ~cdes from 35s 1 1*2 of four colours tu a 
dDc# ooarse dip lay with eight colcuri* The co lo ur computer it nertly 
packaged with a Ml surd keyboard and rear ml cortnectori fcr 
expansion etr. The Tandy cotcur mechi^w :« aimed at thr h. nw ir^rket arvj 
cttmuttr game playing so it is relatively cheep Ubout MW and Tandy 
wiped sales To exceed thc**e of the THS^fi models. E/en thew^h ^a«n# 
pia.iWf 44 its main market. •-* colour o>npj*er v«-jUI not be d:?^ce%ei 
i* 1 | is powerful sopniatir.tad ar>d ^pab> of rrixih. As it 

becomes mere cw.«U- other miTL*fectvrer%. inducing Tardy* %*cdd 
aocxr- f»rm iPERCOM* hav crcd^c*^ 1 - 

tc the S50 bus making available the wide range of WO peripheral cards 
usaclr from ♦*» Tandy Colour Conguter. 

Per com Data Company Inc 

?U V Eirty Garland. 

Texas 7^cm I2l4l77>?4:i 

Per com etenufecture a range of 550 beards* CM* rwds and disk 
controllers- 


SfiETMAHE 

To cover the full range of SCO* softwa r e in a book of this *4i» i* 
AM »Ht can ccr* .% to 'Ktiw cp* oc PH-rr. of 
good software and lea m# tha user to follow \jc the addresses given. 


nsi 

ntt is* almost wither a*gucent. the standard opetating system for 
*x> and ce^.a Hie best single-use* operating system fi 
;t is nndla tc use. user-friendly# reliable and technically 
trprusticated. Some of the wltvrr 4. ailablo infe n.IU BASIC 
EXTENDED 8A5IC ITAC>* PASCAL (LuadataU AUUMILBR <T5Ci, EDITOR 
«T*Ck DEBUG - •aernne simulator OSC U LAB BASIC - control lenguege* 
PROCESSOR CTSCI DIAGNOSTICS ttSCk etc. 









VCSD PASCAL cm? corrclct* with at operating *y«t*m of it* own. It 
t* uMQk* it Ming araUaM* an all of • hr orr*rt /tueroi. Software 
availed* J*>A*f UCSD inauOea: BASIC. FCKTRAN. EDITOR. PASCAL w* 
A of e***«tfel*r*, 

fiCnKAHLEUTUE® 

For rucx. VmFLEX etc! 

Technical O n * 1 —1 Constant*. Inc. 

Bos 3S70, 

Weil Lafayette, 

IK «7M* (1171 4^3-^SO: 

For C€«. ota 

W w m n i 

5®35 Or and Avenue. 

De* Moires. 

Iowa 50304 «13l ^-S8M 


for LAB basic: 




Intarnaaonal Sc'tw* r*. 

P-0. Be* 1*0. 

H*:»>n Garden City. 

Hert*. England I0?UT)> 2*633 

For FLEX Pncoi: 

LuctOata Ltd. 

P.0- 80 . 129. 

Canfcodge. 
cur 5tL D^Iand 

For ItCSCd 

Tailor as* 7 ethnologies Corporation, 
7t: 1 N. ttth St.. 

Pit). Baa 13047, 

Overland Par*. 

Ear set *6212 » 381-95*9 


* 


a rim 


0»o of 'the «o*t valutftle vojrcet of information on Ootn *00* 
h vo**’* trA software it *9 Micro Journal: 


«6 Micro Joumal 

5*00 Cassandra Smith Rd. 

Hix*on. 

TK JW1 
U.S.A 


Mv only 
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sa 
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Soith Mnt Ttcti. 
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M CfU 

Mi 

Ml 

MOO 

m 

IM 

Olhpr f*U 

ne 

M2/2M 

'mi Mdpulrl 

l/D 

T% 

i Mb <iKwirt 

Vt* ***Ut.v\ ftjrti 

JpffMfwn 

TO SIM 

wc 


Mi 

r#i lJ**0 cu**»iCfc 

Unn (£ 


flO 

W\*#9 

•.It ?**• 

not nxtl 


«rl»MtUr» «o%*» 




SSI «K 

<tM 1 t* SI) 


Td&io Two 

xsrtcirrm 



fttflt fct'ttrtrliwl 

MfrU4 

lit* Kmc* 


U »mii luvs 




LactU* <ifidv> i;i 

iCKt 

feUMUttl Uttn\pt 

>Urr.#t 

,H#t *rfi*»* 

uur «*;**< 

w . • • *K 

WM «^rm ifdiMO* 
tooUhit* 

&/; fr. iljfcla 
JKrw <*» clad 



(V) 

t*jt 

lint 

151 


lino 

m 

&•»! 

lt» 

411 


It *• 

:ii 

^•d 

line 
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TtflU Thr## 


W ^ KSOTTO* 

tf M ! t# *J 

1*3 uur ifN 


•Ut 

•171 


00 


mi vatd 

•c 


Lariticr linfe*) ru« 


•Si 

•SI 

M 

D1 

ft? 

w 

c* 

K 

u 

V 

c 

Ml 


NjiUt vim I 
^csttif nUcl | 


et*t Ml 

M-Onctlml 

Mi lift* 


Mfe 

l*fc 

life 

•on 

maun 


B - |i{g|snse«| 


Four 






■oaK tr» ctuAQca «• «ho«m> 

<u> » mm sue urntn* 


«Cf Itart nut* I if a I far tin* KWii 

eusr »* if* v» 

mu frvt wtmat n***t '•*»» *>W tMlarnail 

• Clack Um 

( Ct<x» lv» 

K M tUfc* 

MH IM f**nt 

a *♦ 

S3 Ml 

M & 

SI Ml 


rw* 



vr*l» th* dWifM *f• tnomni 


*» IX 


« 

(HuUr u)rl Iff t« 

IS3 

%#Uct lift Vm 

rw 


«** 


•AMb 



«7 

















T*l» Su 


UK 

CMT5 

im ov 

46* JV 

AMt £JV 

M 1ml Ur# tfn 
far ctrrcr*. vt ilnef 

MX met. itfttuMx *4 

Mft'j 

NRUa 

All tfn fft» * U :?* «iln *«>, 
dinner* ftvUrr* 

Orw, we or noK dewl IBB 

Be or foe 01 Kti Metis 

rwKs 

InWenet #M .’4*%*] 
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Tne 6809 



Companion 


■ The 6809 microprocessor is becoming increasingly important 


as more and more manufacturers use it in popular machines. 

■ Mike James has been an enthusiastic user of the 6809 since it 
was first introduced and this book has been written for program¬ 
mers who want to make the most of this powerful microprocessor. 

■ It is a work of reference which includes the topics needed in a 
machine companion; history, architecture, addressing modes and 
the instruction set {fully commented). In addition there are chap¬ 
ters on converting programs from the 6800, programming style, 
interrupt handling, and about the 6809 hardware and software 
that are available. 
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